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Abstract of thesis entitled: The Forces Driving the Divergence ofPer-
capita Income across China's Provinces 
Based on the framework of augmented neoclassical growth model by Mankiw, Romer and Weil (1992), this 
paper is aimed at examining whether there is tendency of absolute and conditional convergence of per-capita real 
income across China's provinces in the post-reform era. In addition an attempt is made to recognize the underlying 
causes for the variation of per-capita income growth among provinces in China. These are achieved by conducting 
regression analyses based on panel data on 28 provinces in China over the period 1982-1998. It is found that absolute 
convergence of per-capita income across China's provinces did not exist in the reform period. Nevertheless, there is 
tendency towards conditional convergence in China. Convergence is conditional on physical capital investment, human 
capital investment and growth of employed labor force. Furthermore, it is shown that tendency to convergence aaoss 
different regions can also be influenced by difference in initial human capital stock, level of openness and extent of 
government intervention in markets. The empirical results imply that the deviation of per-capita income growth among 
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Chapter 1 Introduction 
Since the adoption of open-door and reform policy in 1978, China's economy experienced 
unprecedented growth. From 1978 to 1998, real per-capita GDP of China grew on average by 
7.58% per annum. Though reform and openness bring about phenomenal growth and significant 
upgrade of living standard for China, the fruits of reform and openness are not evenly distributed 
among different provinces. The growth performance of different provinces in China dispersed 
wildly in the post-reform era, resulting in vast inter-provincial deviation of per-capita income level. 
The regional inequality is especially significant when comparing the fast growing coastal provinces 
with the stagnant interior provinces. The widening gap of living standard between eastern coastal 
provinces and interior provinces ought to be a matter of concern for policy makers, as the 
deterioration of the situation would become a threat to social stability. The imperative of narrowing 
regional inequality can be seen in the government working report by Premier Zhu, which gives 
western region development a high priority. If there is a tendency for the poor provinces to grow 
faster than the rich provinces, regional inequality is just a temporary problem and would not 
become ruinous. It is because the wide gap between the poor provinces and the rich provinces 
would be narrowed remarkably for years if the formers have higher per-capita income growth rate. 
This notion of convergence is called absolute convergence. 
Other than wide disparity of per-capita income among provinces, China is also 
characterized by its large inter-provincial deviation of institutional, geographical, demographic and 
socioeconomic conditions. Thereafter, it is tempted to conclude that the inter-provincial deviation 
in per-capita income is caused by the aforementioned differences, and convergence of per-capita 
income would be observed if those factors are controlled for. This notion of convergence is called 
conditional convergence. This paper purports to examine whether or not absolute or conditional 
convergence of per-capita income occurred during the post-1978 reform period, and to explore the 
c 
causes for the deviation of per-capita income growth across China's provinces. The vast regional 
differences in a wide range of aspects make China an ideal object to study conditional convergence. 
This paper is organized as follows. The overview of the main literature related to economic 
growth, convergence and China economy is given in Chapter 2. In Chapter 3, the open-door and 
reform policies and the trend of inter-provincial inequality over the period 1978 to 1998 would be 
reviewed. Three commonly adopted inequality indices would be utilized to guage the degree of 
inequality across Chinese provinces, namely, coefficient of variation, Gini coefficient and 
generalized entropy measure. Hence a precise description of the situation can be given before 
further addressing the issue. Chapter 4 is a brief description of the labor augmented Solow model, 
which is the theoretical framework of the empirical study. Data issues, statistical models and 
estimation techniques are discussed with details in Chapter 5. In Chapter 6, I would test whether 
there is absolute or unconditional convergence across China's provinces in the post-reform era. 
From Chapter 7 through Chapter 9, regression analysis based on the labor augmented Solow model 
would be conducted to examine the presence of conditional convergence, test the validation of the 
benchmark model and find out the growth determinants. Panel data set on 28 Chinese provinces for 
the period 1982-1998 will be utilized in this study. The final chapter is a brief conclusion of the 
findings and some inferences of policy implications from this study. 
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Chapter 2 Literature Review 
Theoretical Study 
The neoclassical growth model by Solow (1956) and Swan (1956) proposes that under the 
assumption of decreasing product and constant return to scale, all economy would convergence to 
steady states where income, capital stock and population grow at the same rate, and per-capita 
income remain constant. The steady state level of per-capita income is determined by capital 
investment, population growth and technology level. So different countries would have different 
steady states in accordance with their situations. It is shown that long-run per-capita income growth 
is dependent upon the exogenous technological progress, and growth of per-capita income in 
transitional period is positively related to the distance between current level of per-capita income 
and steady state level of per-capita income. Thus neoclassical theory predicts conditional 
convergence of per-capita income growth across countries, that is poor countries would grow faster 
than rich countries once investment rate, population growth and technology progress are controlled 
for. 
� The neoclassical growth theory has been criticized by the scholars of new growth theory for 
the inconsistency of the implications of neoclassical growth theory with the world growth history. 
The new growth theory extends the framework of neoclassical growth theory by endogenizing 
various variables that influence growth but are taken as exogenous by neoclassical model. The 
endogenous growth theory developed by Romer (1986) incorporated technology into the basic 
neoclassical growth model and pretends that per-capita income in different countries would diverge 
rather than converge due to increasing return to scale of production technology. He noted that the 
international growth performance after the World War II is consistent with his growth model with 
N 
increasing-return-to-scale. Lucas (1988) stressed the importance of human capital accumulation in 
growth process. He argued that human capital tends to exhibit increasing-return-to-scale. 
Barro and Sala-i-Martin (1995) developed a model that combines the ideas of endogenous 
growth theory with the implications of conditional convergence of neoclassical growth theory. It is 
stated that the long run economic growth of the world is determined by the technology progress of a 
few technologically leading countries. At the initial phase of development, developing countries 
copy the technology of developed countries and grow faster because copying is much cheaper than 
innovation within some extent. The tendency for the copying cost of the followers to increase 
drives the followers to converge to the leaders. Conditional convergence applies to the transitional 
state. In the long run, the rate of technological progress of the leading countries is endogenously 
determined. 
Empirical Study 
The introduction of endogenous growth theory stimulated enormous debates about the 
issues of convergence in the profession. Since then, tremendous amount of empirical studies on 
economic growth and convergence have been conducted. The following are some representative 
selections. 
Mankiw, Romer and Weil (1992) developed an empirical framework to test whether Solow 
growth model is consistent with the international variation of per-capita income. Starting from a 
labor-augmented Cobb-Douglas production function, they derived a transitional dynamics equation 
relating per-capita income growth with initial level of income, labor growth, investment rate of 
physical capital and human capital. With cross-country data of three groups of countries for the 
‘period 1960-85, they conducted a regression analysis to test the augmented neoclassical growth 
model. It is found that a higher growth rate of working-age population and income level at the 
beginning of the period are associated with a lower per-capita growth. Investments in physical and 
o 
human capital contribute positively to per-capita income growth. In addition the rates of 
convergence and capital share can also be obtained from the estimated coefficients. The 
regression result implies conditional convergence and thus shows that cross-country 
difference in per-capita income growth can be explained by growth model. 
Since the publication of the study of Mankiw, Romer and Weil (henceforth M-R-W), a 
series of papers based on its empirical framework have been conducted. Islam (1995) 
reformulated the transitional growth equation of M-R-W to allow for the use of panel data in 
estimating cross-country convergence of per-capita income growth and thus 
individual-specific effects can be captured. It is shown that conditional convergence across 
countries existed and augmented neoclassical growth theory satisfactorily explains difference 
in per-capita income growth across countries. However, the results yielded differ from those 
obtained from the cross-country methodology in two ways. First, the estimated rates of 
convergence are higher. Second, the estimated values of output with respect to capital are 
found to be much lower. 
Based upon the empirical framework of Islam (1995), Chen and Fleisher (1995) used 
cross-section and panel data across China's provinces from 1978 to 1993 to examine the 
conditional convergence of per-capita income and the validation of augmented Solow growth 
model. It is found that convergence is conditional on rate of physical capital investment, 
human capital investment, employment growth and foreign direct investment; and coastal 
provinces tend to have higher per-capita income growth even though all the aforementioned 
factors are controlled for. It is also provided a projection of the regional inequality at steady 
state. Accordingly, the overall regional inequality as measured by coefficient of variation is 
likely to decline modestly, but income differential between coastal and non-coastal provinces 
is likely to increase somewhat. 
In order to test the presence of conditional convergence Barro (1996) constructed an 
empirical framework similar to M-R-W. It is hypothesized that per-capita income growth can 
be influenced by initial conditions and control variables in the transitional state. The empirical 
findings based upon the panel data of around 100 countries from 1960 to 1990 strongly support the 
notion of conditional convergence. Given initial level of per-capita income indifferent, higher per-
capita income growth rate can be caused by higher initial schooling and life expectancy, lower 
fertility, lower government expenditures, better maintenance of the rule of law, lower inflation and 
improvement in term of trade. 
Li, Liu and Rebelo (1998) utilized both cross-sectional and panel data on 29 provinces in 
China over the reform period 1978-1995 to examine conditional convergence of per-capita income. 
Based upon the empirical framework of Isalam (1995), they modified the benchmark model to 
incorporate openness as an additional variable to explain the regional growth difference. In the 
study, percentage of FDI in GDP is used as a measure of openness. The results show that 
augmented Solow model provide a fair good explanation of the regional growth inequality across 
China's pr Us prownce-capita GDP growth rates are shown to be higher in provinces with lower 
population growth, greater openness and higher physical and human capital investment rates. In 
addition, the data shows the presence of both conditional and unconditional convergence across 
provinces in China. 
Among those empirical studies about economic growth and convergence, some of them are 
dedicated to explore the contribution of openness to economic growth and convergence. Balassa 
(1977) investigated the relationship between export and GNP growth. Export has direct and indirect 
effect on GNP. From the point of view of national accounting, export is a part of GNP, so there is a 
direct one-to-one relationship between them. In addition, export can also affect GNP by improving 
productivity. By exporting what a country has comparative advantage, the country can participate 
in international division of labor and enjoy efficiency gain. Meanwhile, economy of scale can be 
exploited. The indirect effect of export on GNP can be captured by the relationship between export 
* 
and GNP net of export. Based on the data set of 11 countries between 1960-1973, it is found that 
the growth rate of export contributes not only GNP growth but also growth rate of domestic 
1 /\ 
economy (GNP net of exports). The results of Spearman correlation coefficient support the 
proposition that there is a positive relationship between export and domestic economic sector. 
By using panel data at city level in various periods in the 80s, Wei (1993) found that foreign 
direct investment and export have positive spillover effect on economic growth of China. It was 
also found that the contribution of export was greater in the early 80s, while that of foreign direct 
investment was greater in the late 80s, evidenced by the different results of the two data sets. In 
order to capture the spillover effect of FDI and export on domestic firms, Wei used FDI flow and 
export per year as an explanatory variable of city industrial output growth and the result implied 
that both of these coefficients are positive and significant. Initial industrial output as an explanation 
for differential of industrial output growth across cities is unsatisfactory, implying no catch-up 
effect across regions in China. Wei also tested the effect of reform policies on economic growth by 
adding some policy specific variables. It was found that the cities with a higher percentage of 
output produced by non-state sector enjoy a higher industrial output growth. While the effect of 
other reform policies such as the status of SEZ and price liberalization is negligible when compared 
to FDI and export. To capture the contribution of human capital to industrial growth, the number of 
scientific and technical personnel and their percentage in the total non-agricultural labor are taken 
as independent variables. Unfortunately, both of them are statistically insignificant. 
Baumol (1994) suggested that there may be "convergence clubs", meaning groups of 
countries that display convergence of per-capita income. Countries outside convergence clubs do 
not necessarily experience convergence towards those in convergence club. Among the poor 
developing countries in the world, only those with adequate initial human capital stock can take 
advantage of technology transfer from advanced countries, and benefit from catch-up effect. 
Technology spillover from international trade only benefits those countries with human capital 
Stock beyond some threshold levels. Sachs and Warner (1995) suggested that whether or not a 
developing country can achieve convergence economic growth hinges upon its institution. It is 
1 1 
believed that countries with free market system and higher level of openness would exhibit 
convergence, because they tend to have higher level of per-capita income at steady state. They 
divide the world into open and closed economies in accordance with some criteria, and find that the 
open group exhibited convergence, while the closed group does not. Thus they concluded that 
convergence is dependent upon the trade link among the member countries of the group under 
consideration. 
In Borensztein, Gregorio and Lee (1995), the effect of foreign direct investment on 
economic growth is tested based on cross-countries data of over 69 developing countries over the 
last two decades. Meanwhile, the effect of human capital and its interaction with FDI in affecting 
economic growth is also considered. The results suggest that FDI contributes more to growth than 
domestic investment, only if the host country has a minimum threshold stock of human capital. In 
addition, FDI has a crowding in effect to total investment. That is, FDI would not displace domestic 




Chapter 3 Open-door and Reform Policies and Trend of Regional 
Inequality 
Episodes of Open and Reform Policies 
It is stated that open and reform policies exacerbated the problem of regional inequality by 
making the high-income provinces richer. Before testing the validity of these statement, let review 
the content of open and reform policies. Before the adoption of open and reform policies, China's 
foreign trade regime can be summarized by several characteristics. First, foreign trades are 
monopolized by state-owned foreign trade corporations of central government. Second, the link 
between world prices and domestic prices of tradable goods were cut off by the state. Sate-owned 
foreign trade corporations purchased imports from abroad at the world prices and sold them to 
specified units at pre-determined prices. Similarly, state-owned foreign trade corporations 
purchased goods at pre-determined prices and export them at the world prices. Third, foreign 
exchange were strictly controlled by the state. All foreign exchange earned from exports was 
retained by the state. 
In 1978, China has decided to gradually open up its economy to foreign countries. Initially, 
this is mainly achieved through several measures. First, the authority regarding exports and imports 
has been decentralized to local governments or region foreign trade corporations (FTC). In the 80’s, 
China has designated a series of experimental special economic zones (SEZ) and open cities in 
coastal provinces. These SEZs and open cities are granted special privileges with respect to trades 
and foreign investments. The preferential policies stimulated tremendous amount of trades and 
foreign investments for these regions. The administrative restrictions over exports and imports have 
been replaced by tariff, quotas and licensing. To encourage export, the level of tariffs and the extent 
4 
of quota are continually reduced. Corporations have right to import duty-free intermediate inputs. 
Meanwhile, the exchange rate of Renminbi has being devaluated, and controls on foreign exchange 
1， 
loosened. Renminbi has become partially convertible on current account. Beginning in 1980, 
local governments and corporations have right to retain or buy back part of the foreign 
exchange earned from exports. Retained foreign exchange can be used to purchase approved 
imports or to swap with others in foreign exchange adjustment centers (FEAC). 
With respect to foreign investment, China has put forth many policies to encourage 
foreign direct investments. Foreign invested firms are given tax concessions in the forms of 
tax holiday, tax cut and special privileges granted by local governments. In addition, the 
relaxation of control on labor mobility provided foreign invested firms with vast inexpensive 
labor force. In the post-reform era, labor migration has been strictly controlled by central 
government through registration of households. Until the 80's, migration without permission 
was almost impossible, because food was strictly rationed and children of illegal immigrants 
were deprived of education and other services. With the adoption of open and reform policy 
in 1978, illegal migration became possible as it is easier to obtain food in markets and the 
controls have been loosened. The tax concession combined with lower input prices can ensure 
higher return for foreign investors. 
The market reform of China is designed to gradually establish markets in various sectors 
to replace central planning in resources allocation. The first place to implement market reform 
was agriculture. Under the household responsibility system, peasant households can operate 
their own plot of land. They are responsible to submit a fixed quota to the government and are 
able to retain the surplus and sell them in markets. Peasants are allowed to choose crops to 
plant, and even do other activities. Township and village enterprises (TVE) were designed to 
absorb the surplus labor force in rural areas and have been growing rapidly. Central controls 
on prices, inputs, outputs in various factor and product markets were gradually reduced. The 
‘share of production and sales outside of state sector has been increasing. 
The market reform and opening up policies have substantially raised the 
productivity and economic growth of China. International trades and foreign direct 
investments are major channels for the transfer of technology from developed countries 
to developing countries. The spillover of FDI can be achieved through the interaction 
between local firms and foreign invested firms. Export can expose local firms to 
international competition as well as advanced technology, managerial techniques and 
market knowledge. However, the opening-up policies have been location-based with 
special privileges given to coastal open regions. The coastal provinces experienced 
rapid growth because of higher level of openness to foreign countries and profound 
reforms. In the next section, the pattern of regional development and trend of regional 
inequality in the reform era will be examined. 
c7-convergence and y^convergence 
Before further discussing the issues of convergence and divergence of real 
per-capita income across China's provinces, it is necessary to clarify the concepts of 
convergence. According to some growth literature, two concepts of convergence are 
used to describe the evolution of cross-section distribution of per-capita income, namely, 
) 
o--convergence and /^convergence. By definition, a-convergence refers to the 
phenomenon that the dispersion of per-capita income across countries narrows over 
time. While /^convergence implies a negative relation between per-capita income and 
initial income level. 
The difference between cr-convergence and /^convergence lies on the main 
concerns of these two concepts, a-convergence is related with the evolution of 
dispersion over time, and y^convergence touches the problem about mobility of income 
within the same distribution. Suppose that the poor countries grow faster than the rich 
countries, the dispersion as well as the ranking of per-capita income would be very 
different when time passes. Inequality indices can give a snapshot of cross-sectional 
dispersion at different points of time, and we can examine cr-convergence from the 
evolution of these inequality indices. 
Inequality Indices 
In this section, various inequality indices would be used to evaluate the 
unconditional cr-convergence across China provinces in the period of reform and 
openness. In order to quantify the severity of regional inequality, some inequality 
indices are devised to measure the degree of inequality. Three commonly used indices 
are coefficient of variation, Gini coefficient and generalized entropy measures. The 
larger the indices, the more uneven the distribution of income across regions. The 
definitions of these three indices are as follows 
Coefficient of variation 
Iv 
= ^  
1 
Gini coefficient 
Gini 冰 / Wy. I .V/ - y j I / 2|i 
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Generalized entropy measure 
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where 乂 is per-capita income of province i. Let P, and P are population of province i and total 
population of the 28 provinces, respectively, w, = P, / P is the population weight of province /•； 
N . 
fx = Wjyi is the weighted average of per-capita income among the 28 provinces. 
i=\ 
The reason for weighting the data by population in calculating CV and Gini coefficient is 
that this can give a more precise picture of income inequality among individuals of the total 
population. Based on data on 28 provinces over the period 1978-1998, population-weighted 
coefficient of variation and Gini coefficient of real GDP per worker are calculated. From this, we 
can review the evolution of inter-provincial inequality during the period. For ease of comparison, 
the index values of 1978 are normalized to 1. The result is shown as follows 
Table 3.1: CV and Gini coefficient of real GDP pcr-worker  
Real GDP per-worker ” 
CV Gini — 
1978 ‘ 1.0000 1.0000 
— 1 9 7 9 “ 0.9168 0.9505 
1980 “ 0.8652 0.9359 
1981 “ 0.8106 — 0.8957 
1982 ‘ 0.7763 ~ ~ 0.8780 
一 1983 “ 0.7620 ~ ~ 0.8910 
— 1 9 8 4 - 0.7440 0.8983 一 
— 1 9 8 5 0.6836 一 0.8446 
> 1986 0.6616 0.8410 — 
1987 “ 0.6450 — 0.8463 
一 1988 - 0.6473 0.8830 
一 1989 “ 0.6432 — 0.8738 
1990 0.6040 0.8340 
1991 - 0.6081 ~ ~ 0.8474 
— 1 9 9 2 “ 0.6242 — 0.8863 
— 1 9 9 3 “ 0.6608 0.9547 
— 1 9 9 4 " 0.7038 — 1.0198 
一 1995 - 0.6751 0.9708 
— 1996 - 0.6485 — 0.9368 
— 1 9 9 7 0.6790 0.9721 
1998 0.7050 0.9937 
Note: CV denotes coefficient of variation and Gini denotes Gini coeflicienl 
The index values of 1978 are normalized to 1. 
( 
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Figure 3.1: CV and Gini coefficient of real GDP per worker 
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Note: the value of the indices for 1978 is normalized as 1 
Figure 3.1 shows the plots of CV and Gini coefficient of real GDP per worker for the period 
1978-1998. It is known that inter-provincial inequality of real GDP per worker decreased since the 
adoption of open and reform policy in 1978. But the downward trend of the inequality indices 
started to reverse since 1990, implying that the gap between the rich and poor provinces began to 
increase in the 90，s. 
)For long time, there have been a widely spread perception that the open and reform policies 
widen the gap between the rich eastern coastal regions and the backward middle and west regions. 
Thus after reviewing the overall inequality among provinces, it is inspiring to further explore the 
intra-regional and inter-regional inequality of China. One feasible approach is to discompose the 
overall inequality indices into two parts that represent intra-regional inequality and inter-regional 
inequality repectively. In so doing, we can figure out the inter-regional and intra-regional inequality 
from the overall inequality. Among all inequality indices, only generalized entropy measure (GE) is 
additive discomposable and it can be discomposed into two parts\ 
^ See Shonxxks (1980) 
1 o 
N 
K y ) = 2 > g K y g ) + ,1^262,. . . ,1^060) 
The first term is a weighted-average of within group generalized entropy measure, 
and it represents the inequality among members of same groups, yg is a sub-vector of 少， 
which contain all members of group g; Wg is the weight assigned to group g, which 
equals rig / n or the proportion of number of provinces in group g to the number of all 
provinces under consideration. The second term measures the inter-group inequality, 
where Cg is a vector of Hg I's. In essence, the second term is generalized entropy 
measure of a vector in which all individuals are taken as the means of the respective 
group. 
According to the classification in the seventh five-year plan report, the People 
Republic of China is divided into three regions that are the eastern, central and western. 
However, I would like to further divide the eastern coastal regions into two sub-groups: 
north eastern region which includes the traditional industrial centers (Beijing, Tianjin, 
Liaoning and Shanghai) and south eastern, which we call the newly industrialized areas 
(Zhejiang, Fujian and Guangdong)'. Thus the discomposed generalized entropy measure 
is to guage the inequality within and among northeastern, southeastern, central and 
western regions. The overall GE, the components of GE representing intra-regional 
inequality and inter-regional inequality and within-group GE for each region would be 
computed in order to give a thorough picture of the intra-regional and inter-regional 
inequality of China. The results are as follows 
i 
'Nor th -^s tem region includes Tianjin, Hebei, Liaoning, Shanghai, Jiangsu and Shangdong; south-eastern region includes Zhejiang, 
I Z : Z t J^：!^  region ^ l u d e s Beijing, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan. H u b e f 
Hunan and Guangxi; Western region includes S.chuan, Guizhou, Yunnan, Shaanxi, CJansu, Qinghai, Ningxia and Xinjiang 
Table 3.2: generalized entropy measure of real GDP per worker  
^ GE I G E II I Percentage GE a GE b G ^ G E ^  
ofGEI  
1978 0.1805 0 . 1 2 ^ 0.0523— 71.0% ~ 0.1854 “ 0.0024 “ 0.1939 0.0420 
1979 0 .1613~ 0 .1110- 0.0502 “ 68.9% 0.1656 0.0015 ""arTOT" 0.0297 
1980 0.1384 0 . 0 8 ^ 0.0500— 63.8% ~ 0.1576 一 0.0009 “ 0.1131 0.035^ 
1981 0.1243 0 . 0 7 ^ 0.0484— 61.1% ~ 0.1469 一 0.0001 “ 0.0907 0.0307 
1982 0.1174 0.07iF~ 0.0462— 60.7% _ 0.1334 ~ 0.0004 ‘ 0.0887 0.0272 
1983 0.1183 0.07：^ 0.0444— 62.5%— 0.1231 0.0005 “ 0.0969 ""5.0328 
1984 0.1180 0.0735~ 0.0445— 62.3% ~ 0.1180 “ 0.0011 “ 0.1002 0.0304 
1986 0.1051 0 . 0 6 ^ 0 0402""" 61.8% ~ 0.1020 0.0005 “ 0.0833 0.0362 
1986 "~aiOOO 0.063Q 0.0371 62.9% 0.0939 0.001"^ 0.0794 一 0.0401 
1987 0.0972 0 . 0 5 ^ 0.0373— 61.7% 0.0843 一 0.0013 • 0.0798 0.0362 
1988 0.0977 0.057^ 0.0402— 58.9% ~ 0.0507 “ 0.0008 “ 0.0865 0.0441 
1989 0.0967 0.06lT" 0.0348— 64.0% ~ 0.0710 一 0.0008 “ 0.0832 0.0484 
0.0712— 0.0546 
Z l g g l _ _Q : 0 9 Q 7 O.OSTT" 0.0333一 63.3%— 0.0548 ~ 0.0036 0.0761 0.0538 
1992 0.0938 0.054^ 0.0392一 58.2%— 0.0501 — 0.0040 ‘ 0.0698 0.0561 
1S93 0.1075 0 . 0 5 ^ 0.0488— 54.6% ~ 0.0509 “ 0.0027 “ 0.0760 0.0617 
1994 0.122^^ 0.0641— 0.0587 . 52.2% 0.0540 0.0156 "Tc^TT" 0.0666 
1996 0.1185 0.0551— 0.0633 . 46.6% 0.0545 0.0005 ""0；0620~ 0.0668 
1396 0.1141 O.OSOT" 0.0635— 44.3% ~ 0.0561 — 0.0008 “ 0.0598 0 0523 
" 1 ^ 9 7 0.1246"^ 0.0522 0.0724 一 41.9% ~"0.0627 0.0007" OjgOS 
^ 9 9 8 0.1341 0.0586 0.0755 43.7% 0.0713 0.0009 0.0694 0.0558 
Note: GE denotes generalizBd entropy measure; GE I denotes the first term o f GE, wiiicfa represents the intran^gional inequality; GE II 
deitotesthesecond term of GE； wWch represents the inter^^onal inequality; GE b denotes the within groi^ GE for the south-eastern r ^ o n ; 
GE d denotes the within group GE for the western region. ， 
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The plot of generalized entropy measure also exhibits a V shape with a turning point in 
1990, implying that the inter-provincial inequality of per-capita real income dwindled since 1978， 
but commenced to get severer in the 90s. It is worth noting that the declining inter-provincial 
inequality during from 1978 to 1990 was caused by the decrease of both intra-regional and inter-
regional inequality in the period, and the deterioration of the inter-regional inequality is the main 
cause of the upward trend of inter-provincial inequality after 1990. In 1998，most of the inequality 
across China provinces is attributed to the inter-regional inequality as the percentage of GE I was 
only 43.7%, the figure in 1978 was 71%. Initially almost all of the inter-provincial inequality could 
be explained by intra-regional inequalities, but its importance faded out gradually in the reform 
period, as shown by the declining percentage of GE I and within group GE，s after 1978 (the 
decrease of within group inequality is most significant in newly industrialized areas). In the 90，s， 
intra-regional inequality has been dominated by inter-regional inequality. The greater tendency 
toward convergence within group of adjacent provinces may result from higher degree of economic 
integration. As barriers of trade, technology diffusion and mobility of factors of production such as 
labor and capital can be easily passed. 
It is shown that cr-convergence has existed in the period between 1978 and 1989. Since the 
V 
90s China provinces displayed divergence rather than convergence. However, at regional level, 
there is significant evidence of cr-convergence within adjacent provinces. In the first place, the 
narrowing of inter-regional inequality in the 80s mainly stemmed from the rapid development of 
newly industrialized areas. These newly industrialized areas started with a relatively low level of 
per-capita income, and grew rapidly since the onset of reform and openness. Until the 90s, the 
catch-up effect achieved by the rapid growth of those newly industrialized areas narrowed the inter-
regional inequality of China. In the 90's, the newly industrialized areas have developed into high 
income economies, but the rapid growth persisted. At the same time, the traditional industrialized 
centers such as Shanghai regained momentum of growth. As a result, the rapid growth of the entire 
eastern coastal regions exacerbated the inter-regional inequality in the 90，s. This pattern of regional 
development can be shown in figure 3.3. 
Figure 3.3 
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The inequality indices just give an overall portrait of the phenomena. However what caused 
the divergence of per-capita real income growth across China's provinces? The rest of the content 
is purported to give some plausible answers to this question. 
< 
Chapter 4 Theoretical Model 
Neoclassical Growth Model 
The theoretical base of this study is traced to the neoclassical growth theory developed by 
Solow (1956) and Swan (1956), that predicts convergence of per-capita income across countries. In 
light of diminishing return to capital countries with lower level of per-capita income will grow 
faster than those with higher level of per-capita income. The proposition of convergence by 
neoclassical school seemed to contradict with the world growth history and so arose much criticism. 
For instance, Romer (1986) advocated that there was no tendency towards convergence among all 
countries in the world after World War II. 
A response to these counter evidence have been the proposition of the concept of 
conditional convergence, which implies that countries will converge to the same level of per-capita 
income when holding the factors such as saving rate, human capital investment and rate of 
population growth indifferent. According to neoclassical growth theory, each country will converge 
to its own steady state, which is determined by the aforementioned factors. Thus tendency towards 
convergence across countries could not be observed when ignoring the differences of steady state 
among countries. 
In the transition period, per-capita growth rate is dependent upon the current per-capita 
income level and the level of per-capita income at the steady state. The larger the gap between them, 
the higher the growth rate. Rich economies with high per-capita income will growth slower as it is 
adjacent to its steady state. It is also possible that an economy with high per-capita income level 
can experience high growth if its steady state level of per-capita income is much higher. Other than 
4 
saving rate, human capital investment and population growth, the per-capita income level at steady 
state is by large determined by the initial productivity level, productivity growth and production 
1， 
function. Consequently, the regional difference in per-capita income growth can also be explained 
by institutional factors and technology diffusion. The empirical framework of this study are traced 
to Mankiw, Romer and Weil (1992), which established an empirical framework for further 
empirical study about conditional convergence. 
Basic Model 
This study is based on the augmented Solow model by M-R-W (1992). Given a neoclassical 
labor-augmented production function in which labor and physical capital are the only inputs for 
production. The production function is: 
(4.1) 
where 0 <a < Yt, At, /�and Kt are income, total factor productivity, labor, physical capital at 
time t respectively. The growth rate of A and L are exogeneously given by: 
A : Aoe"' 
A - V " 
Assuming that the economy will save a fixed fraction of income for physical. So physical capital 
are accumulated according to the following functions 
where Sk is the ratio of physical investment expenditure to income; S is depreciation rate. Let 
A A 
y = Y/ALmd k = K/ AL are quantities per effective unit of labor. 
By taking first derivative of k with respect to time, we have, 
蠢 
A A 
It can be proved that ic will converge to a fixed value steady state, 
1 4 
f Nl/(l-a) 
义* = Sk 
Vf^ + g + S^ 
(4.2) 
In the transition interval, the speed of convergence to steady stage is given by 
华 = 糊 观 
where 
X={tng \ S){\-a) 
The above equation states that growth rate in transitional state is positively related to the distance 
between current level of per-capita income and the steady state level. It follows that 
where y{t,) and K^Jare the real income per effective worker at time h and time h respectively, r 
"^(h- h). By substituting for j) *, we have 
In Kti) — In Kh s, ln(" + g + KU) 
1 - oc 1 - a ‘ 
(4.3) 
This equation is formulated in terms of income per effective worker. At implementation level, 
income per-capita is used. Thus the above equation must be reformulated in terms of per-capita 
income. 
少 二 ~ — = — — 
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where乂 is per-capita income. Substituting this result into (4.3)，we have 
In ) — In ) 二 (1 — ) — (1 - ln(« + e'^')}'{/,) 
I 1 — (X 
(4.5) 
The above equation depicts a dynamic panel data model in which Ag is the time-
invariant individual-specific term and the time-variant term gitj — e'^ ") represents the effect of 
technology progress on per-capita income growth. 
Inclusion of Human Capital 
If we take human capital as an additional production input, the production function can be 
rewritten as 
(4.6) 
where Ht is human capital at time t. 
Assuming that the economy will also save a fixed fraction of income for human capital 
investment. Thus human capital are accumulated according to the following function: 
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where is the ratio of human capital investment expenditure to income; it is worth pointing out 
that the depreciation rate of human capital and that of physical capital are assumed to be identical; 
h = H / ALis quantity per effective unit of labor. 
^t = Si^y, ~(n + g + S)k, 
It can be proved that k and h will converge to 义 * and 石 *at steady state: 
f 1 一々  p Nl/(l-a-^) 
J 
. f , a j - a YZ(丨—約 
+ g + � 
It can be shown that the panel growth equation is 
In 夕 ( , 2 ) - In ) = (1 一 厂 义 ： ） — ^ In .v, + (1 — e — 义 『 ） _ J _ j 
� -a - p \ - a - p ‘ 
� —(1 — 广 义 + g +列—（ 1 — 广 义 ” lnj)(/i) 
(4.8) 
When expressing in per-capita term, it can be rewritten as 
\ - a - p \ - a - p “ 
- ( 1 厂 " - 义 ‘ ） l n ( " + g + 約 - ( 1 - r ) In ) 
+ 為 + 冲 2 - r � 1 ) 
(4.9) 
In view of the limited length of the reform period, it is reasonable to assume that the 
economy of China has not yet reached its steady state. Thus it is appropriate to use the transitional 
form growth equations. Based upon the transition dynamics equations just described, it is known 
that economic growth is dependent upon different factors including population growth, investment 
rate, rate of human capital investment. Moreover, those factors related with productivity growth 




Chapter 5 Data Issues and Estimation Methods 
Data Issues 
There are only 20 years since the adoption of open-up and reform policy in 1978, the short 
history of reform limit the number of time series observations. By using panel data, number of 
observations and degree of freedom can be enlarged significantly. We can also avoid some 
problems that are often encountered when using cross section data. For instance, the collinearity 
among independent variables can be reduced and the efficiency of estimation is improved. In 
addition, individual-specific effects that are neglected in cross section data analysis can be taken 
into account. In the panel data framework. 
The data set used in this study includes 28 provinces for the period 1982-98. Due to the 
unavailability of data, Tibet and Hainan are excluded from the data set. Since 1997, Chongqin was 
separated from Sichuan. But in this study, they are still treated as one province, as the data of 
Chongqin in earlier years is unavailable. The data is collected from various provincial statistical 
yearbooks, China Statistical Yearbook and other publications of the State Statistical Bureau. 
Real GDP per worker is calculated by dividing real GDP by number of employed labor. 
While real GDP of different provinces are obtained by deflating GDP by the overall retail price 
index of the corresponding provinces, that is GDP measured at constant price in 1978. Investment 
in physical capital is measured by Quanshehui Guding Zichan Touzi. In this paper, the so-called 
scientific and technical personnel in China's statistical sources is used as a proxy for human capital. 
The data of foreign direct investment is measured in US dollar, and it will be converted to 
Renminbi by using average exchange rate of the corresponding years. Data of total export is 
measured by Waimao Chukou. World export unit price is used as a deflator of export and the 
export-weighted exchange rate is used to convert the unit to Renminbi. 
�� 
Estimation Methods 
In running regression to examine growth determinants, there are always some relevant 
factors that cannot be taken into account due to lack of availablility or reliable measure. Some of 
these factors are so-called individual specific variables, for example, geographical and 
socioeconomic factors. By ignoring those factors, the model would suffer missing variable bias and 
inconsistency. The individual-specific effects can be captured by either fixed effect or random effect 
model. For fixed effect model, dummy variables are introduced to account for the effects of those 
variables that are specific to individual provinces. It is assumed that the intercept term for the 28 
provinces are different. In random effect model, the individual-specific effects are treated as 
random variables and thus GLS techniques have to be used. In this case, the individual-specific 
effects are assumed to be uncorrelated with the exogenous variables of the regression equation. 
First of all, it is necessary to examine whether intercepts for different individual are 
identical or different and thus we can choose between plain OLS and fixed effect model. To do that, 
both plain OLS and fixed model is run and F-statistic is calculated to test the joint significance of 
the individual-specific dummies. Then we can determine whether plain OLS or the fixed effect 
model should be used. If the individual dummy variables are jointly significant, plain OLS would 
be given up. 
At this point, we have to decide on whether fixed effect or random effect model is applied 
to estimate the individual specific effect. As aforementioned, random effect model is based on the 
assumption that the random term representing individual effect is assumed to be uncorrelated with 
all the independent variables. Thus the choice between fixed effect and random effect model hinges 
upon the presence of correlation between the individual-specific effect and the independent 
variables. If there is evidence showing the correlation between individual-specific term and 
independent variables, random effect model cannot be used. In this study, Hausman specification 
test will be used to test the validation of fixed effect and random effect model. The null hypothesis 
OA 
of Hausman test is that the individual-specific effects are uncorrelated with the exogeneous 
variables. The rejection of null hypothesis implies that random effect model is inappropriate and 
thus fixed effect model should be used instead. If the null hypothesis is not rejected, both fixed 
effect and random effect are acceptable. 
After running OLS, for it be plain OLS or fixed model, test for homoscedasticity and serial 
independence should be conducted. Because the OLS model is based on the assumptions that the 
error terms are homoschedastic and serial independent over individual and time period. However 
the above assumptions are too restrictive in real situation. For regression model utilizing panel data, 
it is probably to encounter a situation in which residuals are correlated across time period and 
variances of residuals differ across individual. Variance of residuals for different provinces are 
mostly different as different areas may be subject to totally different disturbance. Similarly, the 
residuals for a province may show serial correlation over time. In this study, r coefficient is 
calculated to test the presence of time-wise serial correlation and cross-sectional heteroskedasticity. 
The formula of r coefficient is as the following 
NT NT 
‘ riut-i 二 〜 
?=1 t=2 ;=i r=i 
Under the null hypothesis of no autocorrelation, ru,,t-i has a standard error (NTf'! ‘ Thus if the 
absolute value of VUM-I is larger than the product of 1.96 a n d 、 树 丨 \ then the null hypothesis of no 
time-wide autocorrelation is rejected at 5 per cent significant level. 
The test of cross-sectional heteroschedasticity is based upon Lagrange multiplier statistic, 
which is calculated according to the following formula, 
< 
T N f�2 y 
,1 
where 
1 N 1 N 
I i=] 八 /=i 
The statistic follows chi-square distribution with degree of freedom of N. 
If serial correlation and heteroschedasticity are found, it is necessary to use the GLS 
technique to refine the model. In this study, the cross-sectional heteroscedasticity and time-wide 
serial correlation model in Kmenta(1971) would be used. Fixed effect model preclude the inclusion 
of time-invariant individual specific variable such as initial level of human capital stock. Thus we 
can only use random effect model or plain GLS model as alternatives to OLS model if explanatory 
variables of regression include time-invariant individual specific variables. Throughout this paper，I 
will only present the results of the robust and appropriate models. 
Chapter 6 Absolute Convergence 
Overview of Absolute Convergence 
In Chapter 3, the unconditional cr-convergence across China's provinces U prov inces i s exa 
of inequality indices. In the following chapters, the focus would be shifted to /^-convergence. First, 
we can get a raw picture of the tendency of y^convergence across China's provinces by taking a’ 
glance of the average annual growth rate of per-capita GDP and per-capita GDP in 1978 (Table 6.1). 
It is noted that during the period, average annual growth rate of real GDP per-worker varied largely 
across the provinces, ranging from 9.59% (Fujian) to 2.42% (Gansu). Albeit there exists such a 
large gap of economic growth, what is of concern is whether the poor provinces grew faster than 
the rich provinces. Plotting average annual growth of real GDP per-worker against the level of real 
GDP per worker in 1978 can gives a raw picture of the tendency towards convergence among the 
28 provinces. 
Figure 6.1 
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Note: g denotes average annual growth rate of real GDP per worker over the period 1978-1998; In y78 
denotes logarithm of real GDP per worker in 1978 
Table 6.1 
in_y78 g 
Beijing 8.2248 一 0.0299 
Tianjin 7.7204 一 0.0593 
Hebei 6.7660 0.0712 
Shanxi 6.8152 — 0.0608 
Inner Mongolia 一 6.7902 0.0615 
Liaoning 7.5108 — 0.0520 
Jilin 7.1470 — 0.0463 
Heilongjiang — 7.4591 00407 
Shanghai — 8.2704 0.0501 
Jiangsu 6.7994 — 0.0851 
Zhejiang 6.5356 一 0.0936 
Anhui 一 6.4109 0.0656 
Fujian 6.5835 一 0.0959 
Jiangxi — 6.5419 0.0603 
Shandong 6.6322 一 0.0841 
Henan — 6.3637 0.0782 
Hubei 一 6.6726 0.0768 
Hunan — 6.4688 0.0553 
Guangdong 6.6991 — 0.0895 
Guangxi 一 6.2557 0.0611 
Sichuan — 6.3636 0.0610 
Guizhou 6.0923 一 0.0479 
Yunnan 6.2648 — 0.0676 
"Shaanxi 6.6228 0.0457 
Gansu 6.8381 一 0.0242 
Qinghai 6.9790 0.0325 
Ningxia 6.8626 0.0433 
Xinjiang 6.6793 0.0794 
From figure 6.1，we know that there is slight tendency for poor provinces to grow faster, as 
a good number of observation points assemble on the upper left of the diagram. Most of these 
points represent the newly industrialized areas Fujian, Guangdong and Zhejiang, which started 
from a relative low level of per-capita income and achieved the highest growth rate during the 
period. On the contrary, there are also some observation points on the lower left comer of the 
diagram. These represent the provinces that started from low income and experienced stagnant 
growth during the period, for example, Guizhou, Gansu and Qinghai. A few provinces, mainly the 
traditional industrial cores, started from very high level of per-capita income and achieved 
< • 
relatively humble growth thereafter, for example, Beijing and Shanghai. Hence we have the points 
on the bottom right. 
Empirical Study of Absolute Convergence 
In order to precisely test the existence of absolute convergence across China's provinces 
during the post-1978 reform period, a in-depth analysis is needed. We can simply run a linear 
regression with growth rate of real GDP per worker being the dependent variable and lag of 
logarithm of real GDP per worker the independent variable. It follows that 
InO") - ln(y,,M) = a + y^ln(y/’M) + s,t (6.1) 
where 少"denotes per-capita real income for province i at time t, a and y^are constant, with 0< \p |<1, 
^convergence requires P to be negative, because this implies that annual growth of per-capita 
income ln( y" / 乂,1) is negatively related with ln( The larger the absolute value of p, the 
greater the tendency towards convergence. 
Throughout the reform and openness period, it is expected that the coastal regions should 
experience more rapid growth because of their advantage in attracting foreign trade and investment 
flows and the preferential policies enjoyed by them. To test this hypothesis, a dummy variable 
COAST is introduced to estimate the extra growth achieved by those coastal provinces. This 
dummy variable is coded to take 1 for coastal provinces and 0 otherwise. Because it is a time-
invariant individual-specific variable, only OLS, GLS and random effect model would be 
considered. Generally, the wide range of variety across different regions in China cannot simply be 
captured by just dividing all the provinces into coastal and non-coastal region. More precise 
classification is needed to explore the common features of different provinces within a region. 
Except for declared otherwise, the classification in Chapter 3 is adopted in the rest of the text. 




Dependent variable: log difference of real GDP per worker  
Gl^ FGLS G l ^ GLS 
Conctant 0.030221 0.076467 0.071438 0.080988 
(0.6205) (0.8641) (1.3420) (1.3410) 
, . . 0.005003 -0.001559 -0.001263 -0.000491 









F-Statistic Far,420 = 0.6539 - Fi,419=6.3251 F3,417=3.1964 
ritiit.i -0.8198 -0.1296 -0.0907 -0.1008 
LM test of heteroskedasticity x^ (28)=262.25 x^ (28)=276.58 x^ (28)=257.55 x^ (28)=262.30 
Hausman test 0.0123 
number of observations 448 448 448 448 
R-square Adjusted 
Buse R-square 0.0013 0.0488 0.0141 0.0190 
Buse Raw-moment R-square 0.4837 0.5270 0.4826 0.4840 
Note: numbers in parentheses are f-ratio; * denotes significance at the 10% level; *• denotes significance at the 5% level; denotes significance at 
the 1% level 
OLS denotes plain ordinary least square; GLS denotes plain generalized least square; FOLS denotes fixed effect model with ordinary least 
square technique used; FGLS denotes fixed effect model with generalized least square technique used. 
COAST dummy represents Tianjin, Hebei, Liaoning, Shangdong, Shanghai, Jiangsu, Zhejiang, Fujian and Guangdong; D1 denotes the dummy 
for south-eastern regions which includes Zhejiang, Fujian and Guangdong; 1)2 denotes the dummy for middle region including Beijing, Shanxi. 
Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan and Guangxi; D3 includes the dummy for western region including 
Sichuan, Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. 
1 
The result ofF-test suggests that intercept term may not vary across provinces as /^-statistic 
is only 0.6539, which is statistically insignificant. For plain OLS model, the inter-temporary 
correlation of the error terms nt’it-i is -0.8198. Under the null hypothesis of no serial correlation, the 
« /fy 
Standard error of ru,it-i is given by (Nl)' or 0.047. This indicates a severe inter-temporary serial 
correlation of error terms, since the absolute value of -0.8198 is far larger than 1.96 multiplied by 
0.047. The LM-statistic equals 262.25, far larger than the critical value of 1- percent significance 
under x^ 28 distribution, implying a cross-sectional heteroschedasticity of the error terms. For FOLS 
model, there also exist cross-sectional heteroscedasticity and serial correlation, as suggested by the 
rit,it-1 coefficient and LM statistic. The result from random effect model is not robust, though 
1/： 
Hausman test suggests indifference between random model and fixed effect model. Thus let 
examine the results from GLS and FGLS models. For plain GLS mode, the estimated coefficient 
of ln(v/,r-7) is slightly positive and statistically insignificant, implying that higher initial level of 
per-capita income is not associated with lower growth. This suggests the absence of convergence 
across China provinces. However, by adding province dummy, the estimated p becomes negative. 
It seems that the tendency to convergence can be observed after controlling for individual 
province effect. It is worth noting that though f-test implies that province dummies are not 
jointly significant, the inclusion of province dummies substantially improve the goodness of fit of 
the regression, as shown by the increased Buse /^-square value. 
For the regression with COAST dummy, there exist cross-sectional heteroscedasticity and 
time-wide serial correlation of the error terms as implied by the estimated coefficient nt,it-\ and 
IM statistic. For that reason the result of OLS is not reported. Moreover, the result from random 
effect model is not robust and we can only use GLS model. The F-statistic also suggests that the 
COAST dummy is statistically significant. Now the estimated equals -0.001263 if GLS is used. 
By adding the COAST dummy into the plain GLS regression equation, the value of the estimated 
P becomes slightly negative, though still statistically insignificant. It seems that only after taking 
the geographical factors into account can convergence across provinces be evidenced. The 
introduction of COAST dummy improves the goodness of fit of the model. By comparing the 
results from column 1 and column 3, it can be found that adding the COAST dummy increases 
Buse /^-square remarkably from 0.0013 to 0.0141, though still smaller than that from FGLS 
model, which is 0.0488. It is worth noting that by adding a COAST dummy to the plain GLS 
model, the difference between coastal and non-coastal provinces can be addressed, but this 
simple classification cannot capture all aspects of the individual-specific effects as fixed effect 
model does. 
The result from the regression with regional dummies suggests the presence of convergence 
across China provinces if the regional difference is accounted for. Under OLS model, the 
estimated p is positive. However there are cross-sectional heteroscedasticity and time-wide serial 
correlation, as evidenced by LM-statistic and In addition, the result from random effect model 
is not robust. GLS model is seemingly an ideal alternative to OLS. Under GLS model, the 
estimated p is slightly negative, which is -0.000491. Though it is not statistically significant, this 
rejects the proposition of divergence. It can be shown that the south-eastern region has the most 
rapid growth during the period when taking all other factors unchanged, followed by north-eastern 
and middle region. The growth rate of the western region was the lowest. It is because D1 is 
positive, implying that growth of south-eastern region was faster than north-eastern region. D2 and 
D3 are negative, implying that growth of these two regions was slower when compared with north-
eastern region. Western region grew slower than middle region did, as D3<D2 This finding 
complies with the generally accepted perception, and can be evidenced by Figure 3.3. 
After running regressions based on the panel data of the 28 provinces, we have an overall 
acquaintance with the tendency to convergence across China's provinces. When reviewing 
literatures of convergence across world economies, there is evidence of convergence within groups 
of countries^ It seems that group of economies with higher level of economic integration tend to 
display greater tendency towards convergence. This may also applies to different region within a 
country. Based on this argument, it is conductive to divide the 28 provinces into four groups in 
accordance with the classification in Chapter 3，and conduct regression analysis for each group to 
test the tendency to convergence for various regions in China. The panel data sets for the four 
regions during 1982-1998 would be utilized. Fixed effect model seems not to be applicable to such 
small samples, as it costs too much degree of freedom. According to various selection criteria, only 
plain GLS are acceptable for the all four samples, and the results are presented as the following 
3 For example, Dowrick and Nguyen (1989) have found evidence for convergence among the OECD countries, and Ben-David (1993) have found 
evidence for convergence among the countries of the European Community. Sachs and Warner (1995) propose that convergence may be dependent 
upon the trade link among the member countries of the group under consideration. They divide the world into open and closed economy, and find 
that the open group exhibited convergence, while the closed one does not. 
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Table 6.6 
Dependent variable: log difference of real GDP per worker  
North Eastern South Eastern Middle Western 
GLS Random GLS Random GLS Random GLS Random 
‘ I I I I "丨丨丨• I • ••- . • • • - -•_•-• , I I ,-
Constant 0‘127030 0.085187 -0.064200 -0.044959 0.053353 0.062289 0.092469 0.064777 
(0.8361) (18.99广 * (-0.3301) (-0.2045) (0.5782) (6.2510)"* (1.045) (0.6696) 
、 -0.006365 -0.002057 0.020984 0.018684 0.001346 6.2513E-05 -0.004483 -0.001350 
… ( - 0 . 3 2 8 2 ) (-3.013)*" (0.8198) (0.6424) (0.1080) (0.04458) (-0.3623) (-0.0996) 
rit,it-i -0.2025 - -0.1338 - -8.520E-02 - 0.1005 -
LM test of heteroskedasticity x^ (6)=67.54 - x^(3)=l8.29 - X^ (11)=51.45 - x^(l0)=4.68 -
number of observations 96 96 48 48 176 176 128 128 
Buse R-square 0.0011 -2.162E-02 0.0144 0.0089 0.0001 -5.88E-05 0.0010 7.864E-05 
Buse Raw-moment R-square 0.4319 0.8874 0.5825 0.9453 0.4107 0.7128 0.5620 0.4591 
Note: North-eastern region includes Tianjin, Liaoning, Hebei, Shandong, Shanghai and Jiangsu; south-eastern region includes Zhejiang, Fujian and Guangdong; 
middle region includes Beijing, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan, Guangxi; western region includes Sichuan, 
Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang 
For north-eastern and western regions, the estimated p are slightly negative, which are -
0.006365 and -0.004483, respectively. Though p is statistically insignificant, its sign shows a slight 
tendency towards convergence within the two regions of China. If ignoring all other factors, the 
north eastern region seemingly displays a greater tendency toward convergence. For both regions, 
the estimated convergence rate is higher than the nationwide level. As shown in column 2 of Table 
6.2, the estimated p of the convergence regression based upon the data of all 28 provinces is only -
0.001559. The estimated p for south-eastern and middle regions are still positive, implying no 
convergence within these regions. 
The estimated coefficient of ln(v/,M) for the south-eastern region has a positive value 
(0.04908). The positive number of the coefficient may not mean that the three provinces in the 
region diverge in per-capita income growth. This may be explained by the fact that the rapid growth 
of the newly industrialised areas did not slow down in spite of the accumulation of per-capita 
income. The newly industrialised areas remained persistent high growth rate throughout the whole 
reform period. In the 90's, these areas have air Us, t hese are® tH\e al -income economies, but still 
on 
remained rapid growth. That is, higher per-capita income is not accompanied by lower growth rate. 
By using panel data set, we can make inference about the dynamics of change from cross-section 
evidence. In that sense, the positive sign of the estimated coefficient of ln(y/,i) may be a reflection 
of this phenomenon. 
From the growth experience of China's provinces, there is no strong ev Us prcvi nc es, there 
absolute convergence or unconditional convergence existed in China during the reform period. This 
can reflect by the fact that the estimated p coefficient is not statistical significant. However, the 
inclusion of provincial and regional dummies raise the value of estimated implying that 
convergence become more obvious after taking geographical factors into account. 
t 
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Chapter 7 Augmented Solow Model 
Basic Model 
In the last chapter, unconditional convergence across China's provinces has been examined. 
The rest of the content is devoted to examine whether or not conditional convergence exists in 
China. In this chapter, I would estimate panel growth equations based on the framework of 
augmented Solow model to examine the tendency of conditional convergence across China's 
provinces and see whether neoclassical growth theory can explain the variation of per-capita 
income growth in China. According to (4.5) the panel growth equations can take the general form 
git= n I n W + yiHuit+g+S) + 乃 ln(v,,M) + M + Jit + Sit 
(7.1) 
where the variables denote 
git the annual growth rate of real income per worker over the period t-\ to t 
\ 
skit proportion of fixed capital investment to real income 
nu annual growth rate of employed labor; g and d denote nationwide technology growth and 
depreciation rate, respectively 
yi,t.\ real income per worker at the period (t-l) 
IM a time-invariant individual effect term representing the initial productivity level 
T]t a time-variant term representing the effect of productivity growth 
Sit error term which varies across individuals and time period 
The coefficients are given by equation (4.5) 
A 1 
1-a 
丫 2 二 - ( 1 - 已 一 ' ) 7 ^ 
1-a 
丫 3 = - ( 1 - " ) 
( 1 一 一 
where a is elasticity of output with respect to capital; A is convergence rate; the time span r = 1; 
乂 (0), is productivity level for province i in 1982 
The sign of yi is expected to be positive. Because a higher investment rate tends to raise the 
capital-labor ratio and per-capita income at steady state, and thus widen the gap between the current 
level of per-capita income and the long-run level of per-capita income. This result in a higher 
growth rate in transitional state. In addition, 72 is expected to be negative. By the same logic, a 
higher growth rate of labor causes a lower long-run level of per-capita income and hence a lower 
growth rate in transitional state. Insofar as the partial correlation between growth of per-capita 
income and lag of per-capita income is negative does conditional convergence exist. The larger the 
absolute value of 73, the greater the tendency towards conditional convergence. In (7.1), rjt 
represents the contribution of nationwide productivity improvement to per-capita income growth. 
This term is assumed to be the same across provinces and change over time. Because new 
knowledge and techniques can be easily spread across different regions in a country. In this study 
the term rjt is ignored and is incorporated into the error term. As rjt is assumed to be an non-
stochastic variable and it would not affect the properties of the error term. 
< 
The time-invariant individual effect term //； denotes the term in the transitional 
growth equation. The initial productivity level can affect growth rate in transitional state by altering 
4 1 
the distance between the initial income level and the steady state income level. A higher initial 
productivity tends to widen the gap between initial state and steady state. It is known that larger 
distance between initial income level and the income level in steady state is associated with higher 
speed of convergence to steady state. Thus initial productivity level is positively related with 
transitional growth rate. The intercept term should have a positive value. It is reasonable to assume 
that different provinces (regions) have different productivity at the beginning of the reform period, 
as China is a country of great variation in regional development. Ignoring these effects would cause 
missing variable error. For instance, high initial per-capita income level is usually associated with 
high initial productivity level, which leads to higher growth rate. Consequently, if initial 
productivity level is ignored, a positive relationship between initial per-capita income level and per-
capita income growth rate may be observed. 
Except for initial productivity level, //, may also encompass other omitted variables that are 
related with per-capita income growth. Without full knowledge of the omitted variable, one way 
out is to apply econometrics techniques to capture the individual specific effects. Generally, these 
individual specific variables tend to remain unchanged or change slowly over time. It can be 
assume that these variables are time-invariant and individual specific. Based upon this assumption, 




Dependent variable: log difference of real GDP per worker  
Gl^ FGLS  
Unrestricted 
U 12 
Pnncfant 0.78199E-01 0.25369 
Constant (1.148) (2.484)" 
In/sk\ 0.016294 0.044994 
n 网 (1.181) (2.650广 * 
ln(n+q+8) "0.027216 -o.osoosi 
• " … G O� （-4.255,** (-4.457)"* 
Infv … � -0.0087351 -0.030700 
� y _' � (-1.086) (-2.603)"* 
Implied X 0.0088 0.0312 
F-StatiStiC F27,417=0.8963174 
rit.it-1 -0.08594364 -0.1409956 
LM test of heteroskedasticity i\28)= 271.5332 x\28)= 286.2544 
Hausman test x^ (3)=8.114074 
number of observations 448 448 
Buse R-square 0.0446 0.1145 
Buse Raw-moment R-square 0.4978 0.5445 
12 
Constant 0.10啦 0.21063 
(2.088广 （2.324广 
ln(sk)-ln(n+g+5) 0.032078 
» , � / (4.456)*** (5.212)"* 
|n(Viti) -0.010631 -0.027610 
即 ' (-1-411) (-2.422广 
Implied \ 0.01069 0.0280 
Implied a 0.70 0.54 
Wald test for restriction (p-value) 0 21156E-08 0 73405 
Buse R-square 0.0440 0.1103 
Buse Raw-moment R-square 0.4964 0.5452 
Note: The number in parentheses is f-statistic, • denotes significance at the 10-percent level; denotes significance at the 5-
percentlevel; denotes significance at the 1-percent level 
O L S denotes plain ordinary least square; G L S denotes plain generalized least square; F O L S denotes fixed effect model 
with ordinary least square technique used; FGLS denotes fixed effect model with generalized least square technique 
used; Random denotes random effect model. 
Following the practice ofM-R-W, g + J a r e assumed to be 0.05. 
From F-tQst, it is known that the province dummies are not jointly significant, as F-statistic 
equals 0.8963, which is statistically insignificant. For both plain OLS and FOLS model, the values 
4 4 
of>"’"-i coefficient and /JW-statistic suggest the presence of time-wide serial correlation and cross-
sectional heteroscedasticity of the error terms. Therefore GLS technique is also employed to 
estimate the model. The result of Hausman test indicates that random model is not a right 
specification, because = 8.114074, which is statistically significant at the 5-percent level. The 
null hypothesis that the error components are not correlated with the independent variables can be 
rejected at the 5-percent level. With respect to goodness of fit and level of statistical significance, 
FGLS seems the most suitable model. Because under the FGLS model, Buse /^-square has the 
highest value, and all the coefficient are significant at the 5-percent level. The result from FGLS is 
presented as follows. 
According to the regression result of the unrestricted FGLS model, all of the estimated 
coefficients yi, yi and yi are highly significant and have the right sign, implying that the proposition 
of conditional convergence may comply with the evidence from China's growth history during 
reform period. Especially, the negative sign of y^ , verifies the presence of conditional convergence. 
Both of the absolute value and /-ratio of the estimated 乃 are substantially larger than those of the 
estimated P in Chapter 6, What it means is that convergence across China's provinces is conditional 
on rate of capital investment and growth of employed labor. However, among all estimation 
methods，only under FGLS model is the estimated 乃 statistically significant. Though the 厂test 
reject the hypothesis of joint significance of the province dummies, the introduction of provincial 
dummies does improve the goodness of fit and significance level of yi- It seems that FGLS may be 
superior to plain GLS model, and it would be used as a benchmark in the following computation. 
From (4.5), some a priori knowledge about the values of the slope coefficients can be 
obtained. In particular, we have YI = - n This linear restriction can be imposed on equation (7.1) to 
< 
formulate a restricted model as follows 
Sit = n H s h ) — Yi In {Hit + g+8) + Yi InOu-i) + A + fjt+ £,t 
4 C 
I 
git = n (In(戏—In {riit + g+S))+ ^ ln(y,’M) + A + It + (7.2) 
By testing the validity of the linear restriction, we can examine whether or not the theoretical model 
applies to the real situation. The result of the restricted regressions is shown in the second panel of 
Table 7.1. Under FGLS model, the restriction yi = - 72 is valid, as Wald test indicates the 
indifference of sum of square errors between the restricted and unrestricted models. Moreover, 
imposing the linear restriction does not cause much change in the value of the estimated coefficient. 
In particular, yi still has a positive value. 
We can make inference of the information about rate of convergence, production function 
and productivity from the estimated coefficients of the restricted models. Explicitly, the parameters 
义 and a can be derived out of the estimated coefficients of the regressions. From (4.5), it is known 
that 
ri = -(1 -e^) T=\ 
or X = -\n{y3+ 1) 
where ？L is called rate of convergence. A larger value of 义 means a higher speed of convergence. ；I 
is the speed with which an economy convergence to its steady state. From the result of the 
restricted FGLS, =-0.02761 and so A = 0.0280，meaning that 2.8% of the per-capita income gap 
between provinces with identical steady state is eliminated per annum. The half-life of convergence, 
being the time that is taken to eliminate half of the initial distance to steady state, is derived as 
follows 





where Tis the half-life of convergence. In this case, the half-life of convergence is 24.76 years. The 
values of implied 1 are shown in Table 7.1. 
Based on the estimated coefficient yi, the parameter a can be derived from the following 
formula: 
1 - a 
a 
a = 
1 + a 
y 
where a 二 ~ — ~ 
It is noteworthy that a is the elasticity of output with respect to physical capital in the neoclassical 
labor-augmented production fiinction (4.1) 
ar, f K, 丫—' 
况 ， W j 
涨 , Y , W J UaJ 
二 tt 
The values of implied a are shown in Table 7.1. From the result of FGLS’ yx = 0.032078 and the 
derived elasticity of output with respect to capital a =0,54. The elasticity of output with respect to 
raw labor is \-a = 0.46. The value of a is consistent with a priori knowledge about Chinese 
economy. 
< 
In addition, the term (l-e^^ M(0)； can also be estimated directly by the intercept term 
from fixed effect model. Explicitly, we have 
4 n 
U - e y 
From the restricted model ofFGLS, the value of In (^O)/ for every province is derived and the result 
is shown in column 2 of Table 7.2. The above equation is based on the assumption that the inter-
provincial variation of per-capita income growth is solely caused by productivity differential when 
taken investment rate, population growth and initial income level indifferent. Undeniably, the 
province specific term should also encompass other factors such as resource endowments, climate, 
institutions and other geographical and socioeconomic conditions, and it is only an approximation 
to the productivity level for every province. However it is more meaningful to compare the relative 
productivity level among provinces than to get the precise number of productivity level for every 
province. It is still worthwhile to derive ^(0), for every province. Productivity level for every 
province ^(0), is expressed as a factor of the lowest productivity level among all the 28 provinces 
so doing, we can get acquainted with the relative position of productivity level for every 
province. The value of ^(0), / A(0)n,m and the rank of every province are shown in column 3 and 






Table 7.2: Productivity level in 1982 
Province 也 In 4(0)/ 4(0)/ / A(0)mm Rank COAST Region 
Beijing 0.2106 7.63 2.20 23 0 Mid 
Tianjin 0.2364 8.56 5.59 11 1 NE 
Hebei 0.2431 8.81 7.14 7 1 NE 
Shanxi 0.2152 7.80 2.60 21 0 Mid 
Inner Mongolia 0.2260 8.18 3.83 14 0 Mid 
Liaoning 0.2395 8.67 6.26 9 1 NE 
Jilin 0.2200 7.97 3.09 17 0 Mid 
Heilongjiang 0.2191 7.93 2.99 18 0 Mid 
Shanghai 0.2388 8.65 6.11 10 1 NE 
Jiangsu 0.2519 9.12 9.82 3 1 NE 
Zhejiang 0.2464 8.93 8.05 5 1 SE 
Anhui 0.2268 8.22 3.96 12 0 Mid 
Fujian 0.2698 9.77 18.73 1 1 SE 
Jiangxi 0.2245 8.13 3.64 15 0 Mid 
Shandong 0.2506 9.08 9.36 4 1 NE 
Henan 0.2439 8.84 7.35 6 0 Mid 
Hubei 0.2405 8.71 6.50 8 0 Mid 
Hunan 0.2137 7.74 2.45 22 0 Mid 
Guangdong 0.2544 9.21 10.72 2 1 SE 
Guangxi 0.2162 7.83 2.69 20 0 Mid 
Sichuan 0.2170 7.86 2.77 19 0 W 
Guizhou 0.1925 6.97 1.14 27 0 W 
Yunnan 0.2230 8.08 3.44 16 0 W 
Shaanxi 0.2027 7.34 1.65 25 0 W 
Gansu 0.1938 7.02 1.20 26 0 W 
Qinghai 0.1889 6.84 1.00 28 0 W 
Ningxia 0.2037 7.38 1.71 24 0 W 
Xinjiang 0.2267 8.21 13 o w 
Note: A (0)i is the productivity level of province i in 1982; A is the productivity level of Qinghai in 1982. Rank means the rank 
of productivity for every province. 
The numbers in column 5 is value of COAST dummy for every province. Column 6 shows the regions to which every 
province belongs, NE denotes northeast, SE denotes southeast^ Mid denotes middle, and W denotes west. 
)For ease of comparison, the 28 provinces can be divided into four groups in accordance 
with their productivity index ^(0), / � 0 )麵 .T h e provinces with productivity index less than 5, 
between 5 and 10, between 10 and 15 and between 15 and 20 are assigned to group I (Very Low), 
group II (Low), group III (High) and group IV (Very High), respectively. The result is consistent 
with the orthodox view. Most of the coastal provinces fall into group II and group Til, especially the 
newly industrialized areas. Among the top 10 provinces, 8 of them are coastal provinces, and the 
newly industrialized areas (e.g. Fujian and Guangdong) have higher rank than the former industrial 
< 
cores (e.g. Liaoning and Shanghai). The provinces from the middle and western region constitute 
the bottom 10. It can be known that in early 80’s there was wide range and great dispersion in 
A n 
I 
productivity level across China's provinces. The province with U pr o/i nces. The pDvnce vi th 
(Fujian) was almost 19 times as efficient as the province with the lowest level of productivity 
(Qinghai). Most provinces assemble in group I. Several provinces have significantly higher 
productivity levels when comparing with others, that are Fujian, Zhejiang, Shangdong and 
Guangdong. The distribution of productivity level of China's provinces is characterized by high 
level of polarization. 
From Table 7.2，it can be concluded that productivity of China's provinces is influenced by 
geographical factors. In general, coastal provinces have higher level of productivity. Among coastal 
provinces, the newly industrialized areas like Fujian and Guangdong outperform the traditional 
industrialized hubs such as Liaoning and Shanghai. The interior regions especially the western 
region tends to have a very low level of productivity. This result can be explained by the fact that 
the estimated individual specific term may already incorporates the climate and geographical 
factors. 
Regional Difference 
Other than fixed effect and random effect model, another method to estimate the time-
invariant individual specific term is to run plain OLS or GLS with COAST dummy and regional 
dummies. Because the COAST dummy and regional dummies are time-invariant and individual 
specific, fixed effect model is not applicable. Though these kinds of dummy variables cannot 
capture all aspects of the province-specific effects, they can measure the portion of inter-provincial 
differential that is caused by geographical factor. By substituting these region dummies for 
province dummies of fixed effect model, common features of a group of provinces can be figured 
out, and the growth rate of various regions can be compared. In this case, the individual specific 




Dependent variable: log difference of real GDP per worker  
Gl^   
n 22 
r / ^nc t an f r 0.14827 0.21703 ^onsiani (2.069)** (2.462)" 
\n(€ik\ 0.020472 0.029516 
• 啊 , (1.510) (1.961)* 
| n ( n + a + 5 ) -0.029822 -0.030431 iiiVii-ryTo; (-4.670)*" (-4.719)"* 
I n f V i M ) -0.019357 -0.023872 
(-2.212)" (-2.406)" 
R O A ^ T 0.028987 咖 S T (3.173)" 
D 1 0.012204 
(0.7520) 
D 2 -0.020529 
(-1.835)* 
D 3 -0.033687 
(-2.742 广 * 
F-S t a t i s t i c Fi,443=39.6137 F3,44i =48.89646 
fitit-l -0.0987 -0.1085 
LM test of heteroskedasticity x'(28)=268.5279 x'(28)=27i.i963 
number of observations 448 448 
Buse R-square o.oess o.0746 
Buse Raw-moment R-square o.sose 0.4982 
Note: numbers in parentheses are r-ratio; * denotes significance at the 10% level; denotes significance at the 5% level; »»* 
denotes significance at the 1 % level ‘ 
COAST dummy represents Tianjin, Hebei, Liaoning, Shangdong, Shanghai, Jiangsu. Zhejiang, Fujian and Guangdong; D1 
denotes the dummy for south-eastern regions which includes Zhejiang, Fujian and Guangdong; D2 denotes the dummy for 
middle region including Beijing, Shanxi, Inner Mongolia, Jilin, Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan and 
Guangxi; D3 includes the dummy for western region including Sichuan, Guizhou, Yunnan, Shaanxi, Gansu. Qinghai, Ningxia 
and Xinjiang. 
For the regression with COAST dummy, there exist inter-temporary serial correlation and 
cross-sectional heteroscedasticity, as suggested by the coefficient r,r.,M and LM-statistic, 
respectively. Moreover, the result from random effect model is not robust. So GLS technique 
should be applied to estimate the regression. F-statistic implies that the COAST dummy is strongly 
significant. Thus the exclusion of this dummy variable would cause misspecification. The estimated 
COAST dummy from GLS model equals 0.028987 and it is significant at the 5-percent level of 
significance. This means that in general the growth rate of per-capita income for a coastal province 
is higher than that of a non-coastal province by 2.90%, even though they have the same investment 
e 1 
I 
rate, growth rate of employed labor force and initial level of per-capita income. As to the reasons 
for this phenomenon, the COAST dummy does not tell. 
Adding the COAST dummy does improve significance level of the estimated coefficients 
and goodness and fit of the regression, as reflected by the increased /-ratio of estimated coefficients 
and Buse raw-moment /^-square. In particular, when applying GLS to estimate the regression with 
COAST dummy, we can get an estimated ^ of -0.019357, which is much larger in magnitude, 
'• when comparing with that of the plain GLS model(=-0.0087351). In addition, the /-ratio and 
significance level of the former is also higher. The convergence of per-capita income across China 
provinces becomes more remarkable after considering the differentiation of growth performance 
between coastal and non-coastal region. 
As for the regression with regional dummy Dl, D2 and D3, there also exist inter-temporary 
serial correlation and cross-sectional heteroscedasticity, as shown by coefficient r"’"] and IM-
statistic. In addition, the result from random effect model is not robust. Thus we apply GLS to 
estimate the model. The F-statistic suggests the joint significance of the regional dummy variables. 
By substituting COAST dummy with regional dummies, goodness of fit and significance level is 
further improved. Under GLS model, the estimated is -0.023872 and it is significant at the 5-
percent significance level. It is slightly larger than -0.019357 in magnitude. This is probably 
because the more precise region classification can better capture the difference in growth 
performance for various regions. The convergence of per-capita income across provinces become 
more obvious. 
The regression result is more or less similar to that from chapter 6 in that Dl > 0 and D3 < 
D2< 0. This implies the overall growth pattern of various regions of China, that is, given other 
factors such as investment rate, labor growth rate and initial income level indifferent, the south-
eastern newly industrialized areas have the rapid growth rate, followed by the north-eastern coastal 
provinces. The interior region grows slower, while the growth rate of the western region is the 
CI 
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lowest. From the result of GLS, only D2 and D3 are statistically significant, implying that the 
interior regions have a significant lower rate of per-capita income growth in comparison with the 
former industrialized centers in the north-eastern region. It is worth noting that though D1 is 
positive, it is not statistically significant, implying that the difference between the north-eastern and 
the south-eastern regions is not that large. 
In this chapter, we have examined the tendency of conditional convergence across China's 
provinces by conducting regression analysis incorporating additional variables. Several findings are 
induced from the regression result. First, It can be concluded that China's provinces displayed 
conditional convergence in the reform period and convergence is conditional on investment rate 
and growth of employed labor. The inclusion of these two variables raises the absolute value of 73 
and /-ratio also becomes higher. Second, some key parameters are derived from the estimated 
coefficients of the regressions, including convergence rate A, income elasticity with respect to 
capital a and productivity level A(0), for different provinces. The derived A is 0.0280 and the half-
life period is 24.76 years, meaning that it takes 24.76 years to eliminate half of the gap between 
provinces with identical steady state level of per-capita income. In addition, from the derived A(0)„ 
it is known that Fujian has the highest initial productivity level, while Qinghai has the lowest initial 
productivity level. The distribution of productivity level is extremely uneven, with several 
provinces far outperforming the rest. In general, the east coastal provinces maintain the highest 
level of productivity, especially the newly industrialized areas. The interior regions have lower 
productivity level. 
The result suggests that the conditional convergence hypothesis from the neoclassical 
growth model is applicable to China growth experience. Because the restricted form regression 
shows that both of the sign and the magnitudes of the estimated coefficients are consistent with the 
theory, it seems that the deviation of per-capita income growth in China can be satisfactorily 
explained by neoclassical growth theory. Second, by adding regional dummies, we can measure the 
I 
regional difference of growth performance. It is found that being a coastal province is associated 
with more rapid growth, given investment rate, growth of employed labor and initial level of per-
capita income indifferent. In particular, the south-eastern regions enjoyed the highest growth rate, 
followed by north-eastern region and middle region. The growth rate of the western region is the 




Chapter 8 Contribution of Human Capital 
Standard M-R-W Model 
In Chapter 7, I have estimated the growth equation based on the theoretical framework of 
M-R-W(1992), in which labor and physical capital are all the inputs of production. In this chapter, I 
would like to examine the tendency to convergence in China based on the growth model 
incorporating human capital, and compare it with the basic model. From equation (4.9), we have 
the following panel data regression equation 
git = n Hsh) + 72 + 73In + S) + 厂4 ln(>V-i) + ju, + Tjt+ £,t 
/•= 1,2,...,28 ’ / = 1,2, 16 
(8.1) 
where the variables denote 
git growth of real GDP per worker 
skit percentage of fixed capital investment in GDP 
shit percentage of human capital investment in GDP 
riit growth of employed labor force 
g nationwide rate of technology progress 
S depreciation rate, which is the same across provinces 
yut-i real GDP per worker for province i at time period (/-I) 
jUit a time-invariant individual-specific term 
rft ‘ a time-variant term representing nationwide technology progress 
The coefficeints of variables are given by equation (4.9) 
c c 
) 
Yi 二 ( 1 - 《 ’ 
1 - a - p 
Y2=(1-
1 - a - p 
,1 . a + B 
1 - a - p 
丫4=-(1-它—'） 
1 
where a and p are elasticity of output with respect to physical capital and human capital, 
respectively; X is convergence r a t e ; 華 i s productivity level for province i at the beginning of the 
period under consideration (1982). 
M-R-W(1992), Chen and Fleisher(1995) and Li, Liu and Rebelo(1998) used secondary 
school enrollment in working age population as human capital investment variable. In Islam(1995), 
1 
shit is approximated by the human capital variable constructed by Barro and Lee(1993), which 
incorporate schooling at all levels. In this study, human capital is measured by scientific and 
technical personnel (Kexue Jishu Renyuen) in China's statistical sources rather than school 
enrollment. Because there is time lag between investment on education and the observation of the 
benefit，scientific and technical personnel is a more precise measure. The variable shu is 
approximated by either share of scientific and technical personnel in total population (.s/?!) or share 
of scientific and technical personnel in employed labor force (5/2II), that are calculated by dividing 
the number of scientific and technical personnel by total population and the number of employed 
c/r 
I 
labor, respectively. The later one should be the more direct measure as only employed labor in 
population is contributive to production. 
The sign of the estimated coefficients of I n ( 城 , ) ， 勿 and ln(v") should be the same 
as those in Chapter 7. The estimated coefficient of ln{y") in (8.1) is supposed to be larger in 
magnitude, if human capital is relevant to long-run growth as many development economists 
pretend. It is also essential to investigate the effect of the inclusion of human capital on the 
coefficients of investment share in the transitional growth equation, as this gives an implication of 
the relevance of human capital. The incorporation of shu into the regression equation is expected to 
reduce the value of the estimated coefficient of investment share. Under basic model without 
human capital, the effect of physical capital is over-estimated. Because increase in saving rate 
stimulates per-capita income growth, raising the rate of human capital formation. This in return 
leads to a fiirther increase in per-capita income growth. Therefore a greater effect of investment rate 
on per-capita income growth is observed if human capital is ignored. Adding share of human 
i capital investment as an new explanatory variable tends to give a more accurate description of the 







Dependent variable: difference of log of real GDP per worker 
G ^ FGLS G l ^ FGLS 
Unrestricted 
U LI 11 22 
Constant 0.13267 1.1922 0.0863649 1.0868 
(1.087) (6.102广 * (0.7715) (5.919)"* 
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rit,it-1 -0.1238 -0.1478 
LM test of heteroskedasticity x^ (28)=263.75 x^ (28)=302.84 
Hausman test x^ (4)=65.56 X^{4)=A8.52 
number of observations 448 448 448 448 
Buse R-square 0.0449 0.1677 0.0442 0.1696 
Buse Raw-moment R-square 0.4998 0.5597 0.5019 0.5637 
Restricted 
lA L6 2A 16 
Constant 0.17172 0.74076 0.13382 0.63862 
) (1.850)* (5.129)*** (1.557) (4.788)"* 
Infski - In/n+a+S) 0.018179 -0.019054 0.021763 -0.018074 
m t s i g i rnn+g+d) (1.737)* (-1.565) (2.093)** (-1.431) 
In(shl)-丨 nfn+a+Sl 00080518 o.06246i 
•rusni, in^n-rg-ro; (0.8210) (4.884)*" 
•n(shn)- ln(n+g+5) 0 oossqis 0.O62186 
X ' I a ' (0.3954) (4.609)… 
-0.015846 -0.078384 -0.012811 -0.070572 
(-1-609) (-4.985)*** (-1.316) (•4.678)… 
Implied k 0.01597 0.08I63 0.01289 0.07319 
Implied a 0.43 - o.se . 
Implied p 0.19 - 010 . 
Wald test (p-value) . 0.38645E-09 0.18515 0.46725E-09 0.26513 
Buse R-square 0.0452 0.146O 0.0442 0.1439 
Buse Raw-moment R-square 0.4982 0.5641 0.4994 0 5642 
CO 
I 
Inside the first panel of Table 8.1 is the result of the unrestricted model. Whether sh\ or shll 
is used in the regression equation, the F-statistic show that the province dummies are jointly 
significant. So plain OLS is not reported. For FOLS model, cross-sectional heteroscedasticity and 
time-wide serial correlation exist, as shown by coefficient r","] and LM statistic. The result of 
Hausman test shows that random model is not a right specification. Thus the most appropriate 
model should be FGLS. 
I 
From the result of FGLS model, it is known that the sign of every coefficient is consistent 
with what neoclassical theory predicts. In addition, all of them are statistically significant. Though 
Yi is only marginally significant, 72, 73 and 74 are highly significant. It is worth noting that the 
inclusion of human capital results in decrease in the coefficient of and significant increase in 
the coefficient of InO/r). As aforementioned, the growth equation without human capital tend to 
give a bias estimate of the coefficient of ln(AA:,r), the inclusion of human capital can eliminate this 
bias. The observed tendency towards convergence becomes greater after controlling for human 
capital investment. Human capital seemingly plays an important role in per-capita income growth 
of China. From the result of the unrestricted and restricted model, it can be concluded that 
conditional convergence existed in China, and it is conditional on investment of physical and 
1 
human capital and growth of employed labor. 
Equation (4.9) predicts that 73 = -(yi + 72), but this specification does not hold in the 
estimated regressions. It is intrusive to impose this restriction on the regression equation and 
estimate the restricted model 
git = /I In(喊》+ Y2 Hshit) — in + Ti) Hpit + + Y4ln(>v_i) + 叫 +TJI+ s^t 
‘ Sit = n ( Hskit) - Hriit -^g+S)) + r2{ Hsh,t) _ ln{w„ + g + 而）+ 丫4 ln(y,M) + + 77^ + s,t 
(8.2) 
cn 
If the restriction is valid and both y\ and /2 are larger than zero, we can make a conclusion that the 
augmented Solow model is applicable to China. The result of the restricted model is shown in the 
second panel of Table 8.1. Unfortunately, the estimated is negative under FGLS models, and 
only GLS model gives yi and 丫2 the right sign. However, under GLS model, the restriction cannot 
pass Wald test. The restriction seem not to be a right specification. This result may be explained by 
the fact that the human-capital investment variables \n(shi) and ln(‘?/7ll) are only proxies for the 
share of human capital investment in GDP. 
From the result of the unrestricted FGLS model with ln(5/7ll) used as human-capital 
investment variable, the derived convergence rate 义 is 0.11334, which is far larger than that 
obtained from Chapter 7. This implies that the economies move halfway to steady state in only 
6.12 years. The derived X from other estimated methods are also shown in Table 8.1. All of them 
are far larger than their counterparts in Chapter 7. So to speak, after controlling for human capital 
investment, the tendency towards convergence of per-capita income becomes much more 
significant. Difference in human capital investment seemingly contributes substantially to the 
variation of per-capita income growth across China's provinces. 
�I n regard of the production elasticity of physical capital and human capital, a and there is 
over-identification problem. The number of equations exceed the number of parameters to be 
solved. It is necessary to use the result of the restricted model in estimating a and P. However, only 
under GLS model does every estimated coefficient in the restricted regression have the right sign. 
From the restricted GLS model with ln(s/?I) used as human capital investment variable, the implied 
magnitude of a and p, the production elasticity of physical capital and human capital, are 0.43 and 
0.19, respectively. Hence the production elasticity of labor is 0.38(=l-0.43-0.19). From the 
restricted GLS model with ln(s/zll) used as human capital investment variable, we have a 二 0.57, p 
=0.10, and 1 -« -y9=0 .33 . 
/"A 
The initial productivity level for individual province can be derived from the result of 
the unrestricted FGLS model. The derived productivity levels of the 28 provinces from the result of 
regression (2.3) are shown as the following 
Table 8.2 Productivity level for different provinces in 1982 
P r o v i n c e Uj l n A ( 0 ) A ( 0 ) i / A ( 0 ) „ , ; „ R a n k l iteracy Rate secondary School Education 
- ^ Enrollment Attainment 
Beijing 1.0868 10.1425 1.03 27 85.07 0 0778 6 8701 
Tianjin 1.1525 10.7553 1.90 13 82.93 0.0825 6 6141 
Hebei 1.1967 11.1683 2.87 7 70.42 0.0775 5 4529 
Shanxi 1.1356 10.5984 1.62 19 75.57 0.1013 5 8470 
Inner Mongolia 1.1430 10.6671 1.74 17 68 89 0 0928 5 2417 
Liaoning 1.1681 10.9013 2.19 11 83.39 0.0878 64107 
J ⑴n 1.1210 10.4612 1.41 22 78.18 0.1165 6 0117 
Heilongjiang 1.1335 10.5783 1.59 20 77 86 0 1102 5 9631 
Shanghai 1.1903 11.1080 2.70 8 83.33 0 0699 7 0161 
Jiangsu 1.2250 11.4321 3.73 5 65.36 0.0739 50918 
Zhejiang 1.2371 11.5451 4.18 1 68.80 0.0614 50979 
Anhui 1.1891 11.0975 2.67 9 53.78 0.0707 40046 
Fujian 1.2256 11.4379 3.75 3 62.97 0.0665 46028 
Jiangxi 1.1558 10.7862 1.96 12 67.77 0.0787 48448 
Shandong 1.2317 11.4943 3.97 2 63.25 0.0731 48178 
Henan 1.2086 11.2788 3.20 6 62.93 0.0828 49383 
Hubei 1.1702 10.9211 2.24 10 68.89 0.0897 53169 
Hunan 1.1456 10.6914 1.78 16 76.19 0.0761 5 5261 
Guangdong 1.2252 11.4339 3.74 4 76.97 0 0577 5 6235 
Guangxi 1.1358 10.5995 1.62 18 75.00 0.0545 52950 
Sichuan 1.1474 10.7081 1.81 15 68.03 0 0644 47758 
， i zhoi i 1.0995 10.2607 1.16 25 52.07 0.0601 36290 
Yunnan 1.1521 10.7520 1.89 14 50.83 0.0489 3 5244 
Shaanxi 1.0978 10.2452 1.14 26 66.65 0.0904 52103 
3 ， 1.1119 10.3771 1.30 23 51.98 0.0723 3:9425 
1.0839 10.1153 1.00 28 52.57 0.0905 3 9876 
，ngxia、 1.1012 10.2773 1.18 24 56.73 0.0970 4:2370 
Xinjiang 1.1231 10.4817 1.44 21 68.94 0.1199 5 1050 
Note: Education attainment index is calculated by the author, literate rate is the percentage ofliterate people in population aged abovel2  
It is noted that the disparity of the derived productivity across provinces is not that large. 
The province with the highest level of productivity (Zhejiang) is only 4.18 time as efficient as the 
province with the lowest level of productivity (Qinghai). Because in the basic model, all of the 
difference of per-capita income that cannot be explained by investment share, labor growth and 
initial per-capita income level are attributed to deviation of initial productivity level. In the model 
including human capital, part of the unexplained deviation of per-capita income growth can be 





investment, the ranking of In .4(0)； does not change much. Among the top ranking provinces, most 
of them are from coastal new industrialized areas, for example, Zhejiang(lst), Fujian(3rd) and 
Guangdong(4th). The traditional industrial cores follow immediately, for example, Shanghai(8th) 
and Liaoning(llth). Again, the provinces in middle and west regions are ranked very lowly in term 
of productivity level, for example, Shaanxi(26th) and Qinghai(28th). It is worth noting that some 
provinces with higher rank under the basic model have very low rank when estimated by the model 
including human capital, for example, Beijing(27th) and Jilin(22nd). This may result from the fact 
that the per-capita income growth of these provinces is not that high, even though the human capital 
investment for these provinces is very high. In other words, the per-capita income growth rate for 
these provinces is lower than other provinces with the same level of investment rate, human capital 
investment, labor growth and initial level of per-capita income. 
Regional Difference 
As in Chapter 7, I would like to add coastal and regional dummies into the regression 
equation in order to explore the common feature for each region, and compare the result with that 
from fixed model. As in chapter 7，China is divided into four regions, that are north-eastern, south-
) 
eastern, middle and western regions. The latter three regions are represented by dummy variables 
Dl , D2 and D3, respectively. It is noted that GLS model is the most appropriate model and the 
results are shown in Table 8.3. Given the same investment rate, share of human capital investment, 
labor growth and initial level of per-capita income, coastal provinces generally have higher per-
capita income growth. In particular, the south-eastern region have the highest per-capita income 
growth, followed by the north-eastern region and middle region. The western region has the lowest 
per-capita income growth. 
J 
i Table 8.3 
Depencknt variable: difference of log of real GDP per worker  
Gj^ Gl^ Gl^ GLS 
o n M 3 i 
Constant 0.52082 0.66432 0.5159 0.65139 
(3.439 广* (3.857广 * (3.482)… （3.900)… 
in(sk) 0.010344 0.021775 0.0097035 0.021423 
(0.7278) (1.395) (0.6754) (1.3614) 
I n K h n 0.034187 0.038809 •n(sni) (2.777)*** (3.047广 * 
in(shll) 0.036302 0.040485 
(2.790)*" (3.040)*" 
ln(n+a+S) -0.031671 -0.031992 -0.032573 -0.033011 
\ y ‘ (-4.861)*" (-4.838)… （-5.056广 * (-5.063)*" 
In(Viti) -0.051907 -0.060978 -0.054188 -0.062349 
口’冲 （-3.578)*** (-3.851 广 * (-3.599)"* (-3.878)*** 
COAST 0.046725 0.05061 
(4.256广 * (4.292)*" 
D1 0.017197 0.01778 
(1.078) (1.106) 
D2 -0.035366 -0.039518 
(-2.852)"* (-3.061)"* 
D3 -0.054943 -0.058248 
(-3.837)… （-3.958)*" 
F-Statistic F^ ,442=263.22 F3.柳=439.02 F^ ,442 =45.22 F3,440=166.76 
•'it.it-l -0.08343 -0.08655 -0.08893 0 09564 
LM test of heteroskedasticity X28 = 258.82 义2a =256.42 265.42 268 41 
number of observations 448 443 糊 糊 
Buse R-square 0.0822 0.0938 oo833 00951 
Buse Raw-moment R-square 0.5073 0.4900 0.5074 0.4959 
Note: TlTe numbers in parentheses are /-ratio; * denotes significance at the 1-percent level; ” denotes significance at the 5-percent level. 
*** denotes significance at the 10-percent level. ‘ 
dummy v^^able COAST represents the nine coastal provinces: Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian 
Shangdong and Guangdong. D1 represents Zhejiang, Fujian and Guangdong; 1)2 represents Beijing, Shanxi. Inner Mongolia, Jiliiu 
He i lona i^g , Anhui, Jiangxi, Henan, Hubei, Hunan and Guangxi; D3 denotes the dummy for western region including Sichuan 
Guizhou, Yunnan, Shaanxi, Gansu, Qinghai, Ningxia and Xinjiang. ^ 
Other than measuring the net regional effect, it is intrusive to estimate the interaction 
between human capital and regional effect. In the post-reform era, coastal provinces and the newly 
industrialized areas in China generally have higher proportion of free market and are more open to 
foreign trade and investment. For instance, all special economic zones and open areas are in coastal 
provinces. The status as coastal provinces can be viewed as an indirect measure of depth of reform. 
That is, being a coastal province implies a higher level of openness and market liberalization. If 
there is complementarity between human capital and openness, human capital in open areas should 
contribute more to economic growth. In that sense, it is reasonable to expect a larger coefficient of 
H成 t ) for coastal provinces and newly industrialized areas. In order to estimate the different effect 
of human capital investment to per-capita income growth among different regions, the interaction 
terms COASTxln(shl), Dlxln(shl), etc. would be added into the regressions. If the estimated 
coefficient of these interaction terms are significantly positive, then it can be concluded that the 
contribution of human capital investment to per-capita income growth is greater for the respective 
region. The result is shown as follows 
/r 4 
Table 8.4 
Dependent variable: difference of log of real GDP per worker 
FGLS FGLS FGLS FGLS 
j i n n 12 
Constant 1 2344 1 3464 1.1251 1.2547 
(6.428)… （7.068广 * (6.185)"* (6.984)*“ 
In(sk) 0.032094 0.035199 0.031865 0.031317 
* ‘ (1.859)* (2.104 广 （1.860)* (1.885)* 
丨 nfqhf、 0.078919 0.10768 
^ ‘ (5.078)*" (4.244)"* 
In(shll) 0.083706 0.10723 
(4.978)*" (3.960)*" 
ln/n+n+8^ -0 035686 -0.037093 -0.036665 -0.038242 
” y ‘ (-5.383广 * (-5.590)… （-5.384)"* (-5.665广 * 
InfVit i) -0.12387 -0.1251 -0.11503 -0.11863 
(-6.551)*" (-6.751)*" (-6.262)"* (-6.632〉… 
COAST X In(shl) ^^iSr-
COAST X 丨n(shll) 
D1 X In(shl) 
D2 X in(shl) 
D3 X In(shl) 
D1 X In(Shll) 0.058836 
(1.684)* 
D2 X In(shn) 0.018435 
(0.6417) 
03 X In(shll) -0.053389 
(-1.988)" 
F-Sta t iS t iC F27,415=1.738 F27,413=1.744 1 . 3 7 9 8 1 . 5 1 8 1 
rit 丨 t.1 -0.1252 -0.1369 -0.1524 -0 16013 
LM test of heteroskedasticity X28=260.79 X28=267.02 309.1486 3061157 
number of observations 糊 糊 糊 糊 
Buse R-square 0.1863 0.2194 0.I830 02206 
Buse Raw-moment R-square 0.5792 0.5999 0.5787 0:6074 
Note: The numbers in parentheses are f.ratio; * denotes significance at the 1-percent level; • • denotes significance at the 5-percent level 
*** denotes significance at the 10-percent level. ， 
^ e dummy variable COAST represents the nine coastal provinces: Tianjin, Hebei, Liaoning, Shanghai, Jiangsu, Zhejiang, Fujian 
Shangdong and Guangdong. D1 represents Zhejiang’ Fujian and Guangdong; 1)2 represents Beijing, Shanxi, Inner Mongolia Jilin 
Heilongjiang, Anhui, Jiangxi, Henan, Hubei, Hunan and Guangxi; D3 denotes the dummy for western region including Sichuan' 
Gruizhou, Yunnan, Shaanxi, Gansu, Qin^iai, Ningxia and Xinjiang. • 
i： C 
From the coefficient nt,it-\ and IM statistic derived from the error terms, it is known that the 
fixed effect models display cross-sectional heteroschedasticity and serial correlation. It seems that 
FGLS provides a correct specification of the error term, so the result from FGLS is presented with 
details. From the result of regression 4.1 and 5.1, it is noted that the coefficients of both 
COASTxln(shl) and COASTxln(shll) are significant positive, implying that the contribution of 
human capital to per-capita income growth is greater in coastal provinces than in interior provinces. 
The results of regression 4.2 and 5.2 suggest that the contribution of human capital for newly 
industrialized areas is the greatest among the four regions of China, and it can be reflected by the 
coefficients of the interaction terms Dlxln(shl) and Dlxln(shll). They are significantly positive, 
and larger than the other interaction terms, implying that the values of the coefficients of In(shl) 
and In(shll) is higher for the newly industrialized areas. 
This is consistent with intuition. Because in more open coastal provinces and newly 
industrialized areas, technical personnel become more productive under higher exposure to foreign 
production technology and management know-how. In addition, the institution structure in coastal 
provinces is improved substantially after profound reform so that human capital can be utilized 
more efficiently. In addition, the productivity of human capital is positively related to the intensity 
> 
of human capital stock due to externality of human capital. Let say, one become more productive 
when others are more knowledgeable and skillful. This is what Lucas(1988) stated about 
increasing-return-to-scale of human capital. In coastal provinces and newly industrialized areas 
where human capital level is supposed to be higher (Table 8.2)，productivity of human capital 
should also be higher. 
The Role of Initial Human Capital Stock 
Inside Table 8.2 is the information about the ranking of initial productivity among the 28 
provinces under consideration. But what are the reasons for the deviation of the initial productivity 
level among provinces? Taking a glance at the education situations for the provinces may gives a 
clue to the answer. There is considerable variation of education attainment and literacy rate among 
the 28 provinces in 1982. In general, high initial productivity level is commensurate with high level 
of literacy rate and education attainment and the vice versa (see the below diagram) 
Figure 8.1 
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It seems that initial human capital stock is relevant in determining productivity level, and 
thus can influence transitional growth. Growth of per-capita income in transitional state is heavily 
dependent upon initial human capital stock for initial level of human capital can affects the extend 
to which advanced production technology is absorbed from developed countries. In Figure 8.2, a 
highly positive relationship between initial per-capita income level and initial human capital stock 
can be easily observed. As mentioned above, low initial per-capita income level is usually 
associated with low level of initial human capital stock and productivity that impede growth. For 
this reason, if the province specific effects or inter-provincial difference in initial human capital 
stock is not controlled for, it may be extremely difficult, if not impossible, to observe the inverse 
relationship between per-capita income growth and initial per-capita income level. 
Next，I would add initial human capital level as an new explanatory variable in the 
transitional growth equation in order to estimate its contribution to initial productivity level and 
per-capita income growth. In this study, initial human capital stock would be approximated by 
education attainment index^ which is years of primary and secondary schooling per person in 1982. 
The formula of education attainment index is as the following 
average years of schooling = ^YR 丨.SH, 
J 
where./, is the schooling level (primary school, secondary school, etc.), YRj is the number of years 
of schooling represented by level y, and SH�is the fraction of the population for which the 7th level 
is the highest value attained. It is the education attainment of labor force which is relevant. In view 
of data availability, education attainment of population is used instead. Numerical empirical studies 
about conditional convergence used school enrollment rate and literacy rate as proxies for human 
capital stock. However there are deficiencies with these two measures. School enrollment rate is 
4 see Barro and Lee (1993) 
广o 
i 
just a proxy for flow of human capital investment within a period, and not a measure of human 
capital stock at a certain point of time. Literacy rate just constitutes a part of human capital stock, 
leaving other aspects of human capital untouched. Education attainment is a more thorough and 
appropriate measure of human capital stock. The education attainments for China's provinces are 
calculated based on the data from China 1982 census, and are shown in Table 8.2. 
Using literacy rate and education attainment in 1982 as proxies for initial human capital 
stock, I would like to estimate the regression equation including initial human capital stock. The 
results are as follows 
Table 8.5 
一 GLS GLS GLS GLS GLS GLS GLS GLS~ 
i 3 M M M L i l I l 3 l 4 ” 
Constant 0.135290 0.497170 0.096I62 0.519000 0.085693 0.503680 0 039663 0 532910 
(1.102) (3.312 广 * (0.7096) (3.071 广 * (0.7647) (3.381)"* (0.3068) (3.071)"* 
In(sk) 0.014018 0.008435 0.014912 0.009418 0.015618 0.006253 0 016766 0 007799 
(0.9557) (0.5812) (1.015) (0.6471) (1.057) (0.4233) (1.133) (0.5265) 
ln(sh I) 0.005943 0.032136 0.005556 0.033573 
(0.5610) (2.646)*" (0.5244) (2.734)*" 
In(Shn) 0.001091 0.035380 0.000506 0 036024 
(0.1038) (2.703)*" (0.04827) (2.739)… 
ln(n+g+5) ‘ ？ ™ ! •°031200 -0.027301 -0.031496 -0.027266 -0.032206 -0.027262 -0032453 
(•A.S^r** (-4.829广 * (-4243)*** (-4.848)*" (•4.252)…（-5.019)…(-4.2530"* (」5.041)… 
ln(y 丨,M) ‘ -0.M7772 -0.0151^ 办050964 -0.010900 -0.049642 -0.011479 -0.052678 
(-1.156〉 （-3.218)*** (-1.222) (-3.429广 * (-0.9009) (-3.286)*** (-0.9642) (-3.469)"* 
In(education) ？;?S^ l® -0.010231 0.007219 -0.016955 
(0-2962) (-0.489) (0.3503) (-0.7935) 
In(•丨 teracy) 0.012450 -0.0019412 0.014556 -0.007302 
(0.5231〉 (-0.08105) (0.6132) (-0.2989) 
COAST X In(education) 。；？之八已严 0.028890 
(4.044)*** (4.101 广 * 
COAST X In(literacy) 0.010764 0 011686 
_ ) * * * (4.182)… 
number Of observations 448 . 448 448 448 448 448 448 448 
R-square Adjusted ^ ^ 
BuseR-Square 0.0452 0.0786 0.0456 0 . _ 0 . _ 0 0796 0 0463 0 0815 
Buse Raw-moment R-square 0.4994 0.5115 0.4989 0.5096 0.5014 0.5137 0 ： ^ o fup 
/rci 
！ 
Because initial human capital stock is a time-invariant individual specific variable, we need 
not consider fixed effect model. All of the regressions above show cross-sectional 
heteroscedasticity and time-wide serial correlation and the results of random effect model are not 
robust. So GLS technique is used to estimate the equations. Unfortunately, from regression (6.1), 
(6.3), (7.1) and (7.3), it is found that education attainment and literacy rate have not significant 
effect on per-capita income growth. It is because the coefficients of both \n{education) and 
\n{literacy) are not statistically significant. However, this result is based upon the assumption that 
I initial human capital level has the same effect on per-capita income growth for all provinces. This 
may not be a proper specification in real situation as provinces differ widely in many aspects. 
If we assume that the contribution of initial human capital stock to per-capita income is 
different across regions, the results may be somehow different. In order to estimate the different 
I 
effect of initial human capital on per-capita income growth, I would like to add the interaction 
terms CO AST x\n{education) and CO AST x\n(Iiteracy) into the above regressions. If the estimated 
coefficients of these interaction term are positive, then we can state that initial human capital stock 
is more contributive in coastal provinces. From regression (6.2), (6.4), (7.2) and (7.4), it can be 
found that initial human capital stock have no significant effect on per-capita income growth for 
) 
interior region. For coastal provinces, initial human capital stock is positively related with per-
capita income growth. For instance, from regression (7.2)，the estimated coefficients of 
Heducation) and CO AST x\n{education) are -0.016955 and 0.028890，respectively. Only the later 
is statistically significant. This indicates that the estimated coefficient of \n(educatjon) for coastal 
provinces is 0.011935(= -0.016955 + 0.028890)，and that of interior provinces is -0.016955. 
The difference in the contribution of initial level of human capital between coastal and non-
coastal provinces may be caused by differences in institutional structure and level of openness. For 
developing countries, high level of initial human capital stock in combination with advanced 
technology and management techniques from foreign countries can substantially accelerate 
nr\ 
economic growth. However, without technology transfer from elsewhere, the contribution of 
human capital stock is bounded by technology threshold. Moreover, the extend to which human 
capital stock can be exploited to produce output depends largely upon the institutional structure. 
For coastal provinces that have better institution (e.g. higher proportion of free market, economic 
freedom of individual) and more access to foreign trade and investments, it is assured that the 
existing human capital can be fully utilized. By the same token, the interior provinces without these 
advantages cannot have their existing human capital efficiently employed in production process. 
Thus the contribution of initial human capital stock is higher in coastal provinces than interior 
provinces. i 
In this chapter, we have tested the labor-augmented neoclassical model including human 1 
capital. From the regression results, it is found that the augmented Solow model including human 
capital can satisfactorily explain the deviation of per-capita income growth among China's 
provinces in the post-reform period. However, the linear restrictions given by the transitional 
growth equation can not apply to the provincial data in China. By incorporating human capital in 
the model, the estimated regressions give a higher convergence rate and lower production elasticity 
of physical capital. So to speak, the evidence of conditional convergence become more significant 
after controlling for human capital, implying that human capital is crucial in economic growth and 
convergence. In addition, the inclusion of human capital corrects the upward bias of the estimated 
contribution of physical capital. 
Initial productivity levels for different provinces are also derived. With some exceptions, 
the ranking of productivity level is about the same as Chapter 7. After controlling for human capital, 
ranks for some provinces fall. They are mainly the former industrial centers that are rigidly 
regulated by central government, especially the three state-administrated municipalities (Beijing, 
Tianjin and Shanghai). In contrast, the coastal provinces, especially the newly industrialized areas, 
remain high ranks. Even though investment rate, human capital investment, labor growth and initial 
ni 
per-capita income level are controlled for, there is still considerable difference in per-capita income 
among provinces. Thus an attempt is made to precisely figure out the pattern of regional difference 
in per-capita income growth. 
To estimate how much the coastal provinces and newly industrialized areas grew faster, 
coastal dummy and regional dummies are added into the regression. As noted before, the regression 
results show that given all other factors indifferent, coastal provinces have higher growth rate. 
Besides, the newly industrialized areas experienced the fastest per-capita income growth among the 
four regions, followed by the north-eastern and middle regions. The western region has the slowest 
per-capita income growth. Furthermore, it is shown that the contribution of human capital 
investment is greater in coastal provinces and newly industrialized areas than in interior areas. An 
{ 
explanation for that pattern of regional development can be drawn from the endogenous growth 
I 
theory. It is stated that due to the spillover effect of human capital and its complementarity with 
technology, the regions with higher level of initial human capital stock and openness usually have 
higher growth rate, and the contribution of human capital is also higher. 
In order to test this hypothesis, we add initial level of human capital into the regression 
equation. The regression result shows that the contribution of initial human capital level is not 
> 
significant. However, if we assume that the effect of initial human capital stock on per-capita 
income growth is different between coastal and interior provinces, we can find a significantly 
positive coefficient of initial human capital for coastal provinces. This may explained by the fact 
that coastal provinces have more reasonable institution and higher level of openness, so that 
economic agents can make full use of the existing human capital stock. 
Chapfpr 9 The Contribution of Openness and 
Openness 
The phenomenal economic growth triggered by the introduction of open-door and reform 
policies has sustained for more than 20 years. In this period, growth performance differed widely 
across provinces. Meanwhile, there was also large differentiation of the depth of reforms and level 
of openness among provinces in China. It is natural to suppose that the deviation of per-capita 
growth among China provinces is related with openness and reform. In this chapter, I would like to 
find out the links between openness, reform and per-capita income growth, and analyze their 
impact on convergence in China. Based upon the empirical framework set up by Li, Liu and 
Rebelo (1998), regression analysis would be conducted to estimate the contribution of openness 
and reform to per-capita income growth. From equation (4.6), we have the labor-augmented Cobb-
Douglas production function 
As aforementioned, it is assumed that the growth of labor n is exogeneously determined, and 
technology grow in accordance with the following ftinction: 
為 =成 (9.1) 
where F is the degree of openness of the province to foreign countries in the transitional period and 
没 is the elasticity of technology progress with respect to openness. The second function states that 
technology level is not only influenced by the exogeneously determined growth rate g, but also by 
the openness to foreign countries. The transitional growth equation can be rewritten as the 
following 
In 少(/2) - l ” ( / i ) = (1 - + (1 - ‘〜 
\ - a - p \ - a - p 
—0 - 已 七 ） l n ( « + g + 5) -（1 - XT) In y{t,) 
1 - a - p 
+ (l-e-义)InAo + g(r2 - e-^%) + (l-e'^O 
(9.2) 
The empirical setup for panel data model is given by the following equation: 
git = n In(减+ r2 Hshit) + n + g+S) + r4 InO,,.,) + y^ + JU, + 77, + s,^ 
1,2, . . . , 2 8 .t= 1 ,2 , . . . , 16 
(9.3) 
where Ft is the openness of province i over the period 1982-1998, and ,5 = {X-e^^O. The notations 
and coefficients of other variables are the same as in Chapter 8. 
In this study, the openness of provinces in China is measured by either the average 
percentage of foreign direct investment in GDP or the average percentage of exports in GDP over 
the period 1982-1998. Higher percentage of FDI and exports in GDP imply higher level of 
openness to foreign countries. Because these two variables are time-invariant individual specific 
variables, fixed effect model cannot be used. We can only use plain GLS model and random effect 
model. It is hypothesized that openness would raise the technology level of an economy by 
stimulating diffusion of technology. Thus provinces with higher level of openness generally can 
achieve higher transitional growth rate. It is expected that the estimated coefficient y^  is positive. 




Dependent variable: difference of log of real GDP per worker  
GLS Random Gl^ Random 
Unrestricted 
LI LI 2A 22 
Constant 0.363540 0.761236 0.26907 0.740927 
(2.584)*" (3.9736广 * (1.996)" (4.2133)"* 
In(sk) 0.027902 0.035069 0.012457 0.031114 
(1.980)" (1.8089) (0.870) (1.7039) 
In(sh II) 0.014877 0.051534 0.010861 0.054228 
(1-307) (3.3504广 * (0.9716) (3.6995)*** 
lnrn+a+8) "0.028772 -0.032737 -0.029596 -0.033475 
^ y ‘ (-4.336)… （-3.8422)*** (-4.541)… （-4.1823广 * 
Infv.*.^ -0.030579 -0.064418 -0.026337 -0.065671 
叫 yi'MI (-2.385)" (-3.6602)… （-2.012)** (-3.9170)*** 
In/FDh 0.011720 0.014504 
^ ‘ (3.768)"* (2.1175)" 
In(Export) 0.015819 0.018733 
(2.608)*" (1.6593) 
Implied X 0.031056 o.oeesse 0.026690 0.067927 
rit’it-1 -0.0934 - -0.0898 -
LM test of heteroskedasticity 268.75 - 269.25 . 
number of observations 448 448 448 448 
Buse R-square 0.0735 0.0610 0.0591 0.0609 
Buse Raw-moment R-square 0.5035 01784 0 5035 01614 
Restricted 
LI lA 23 2A 
Constant 0.28504 0.487869 0.303760 0.500093 
(2.960)… <3.4044广 * (2.780) (3.5030)*" 
in(sk) - ln(n+q+d) 0.019954 o.oo2694 0.015998 -0.000570 
‘ * ^ ‘ (1.939)* (0.1981) (1.502) (-0.4205) 
In(shll)- ln(n+g+5) 0.010862 0.036964 0.012957 0.041017 
I G ' (1 095) (2.7080)"* (1.239) (2.9847)*** 
ln(y 丨 t-1) -0.024885 -0.044508 -0.029053 -0.047889 
‘ (-2.402广 (-2.9745)"* (-2.486)" (-3.1309)*" 
In/FDI) 0.010472 0.011859 
^ ‘ (3.815广 * (1.6676)* 
In(Export) 0.016083 0.017961 
(2.673)"* (1.4014) 
Implied X 0.02520 0.04553 0.02948 0.04907 
Implied a 0.36 0.03 0 28 . 
Implied p 0.20 0 44 022 _ 
‘ W a l d test (p-value) 7.3657E-11 . 6.8633E-11 : 
Buse R-square 0.0714 0.0526 o.0598 00537 
Buse Raw-moment R-square 0.5040 0.1594 0.5020 0 1393 
Note: FDI denotes average percentage of foreign direct investment in GDP over the period 1982-1998; Export denotes average  
percentage of exports in GDP over the period 1982-1998 
ne 
As expected both of the coefficients of \n{FDI) and \r\{Export) are significantly positive, 
implying that openness is contributive to per-capita income growth. From regression (1.2), it is 
known that a 1- percent-increase in the proportion of FDI in GDP causes real GDP per worker to 
rise 0.0145 percentage points. Regression (2.2) shows that a 1-percent increase in export share in 
GDP leads to 0.0187-percent increase in real GDP per-worker. However, the linear restrictions 
given by equation (4.9) are rejected by the Wald test. Under random effect model, the quantitative 
implication given by the restricted regression is also inconsistent with equation (4.9). Occasionally, 
under random effect model, the sums of squared errors for restricted form are less than those of the 
unrestricted form. Regression (1.4) implies that a = 0.03’ which is much lower than the normal 
range. What is more, regression (2.4) churns out a negative value for a. In comparison to random 
effect model, plain GLS model is more reliable. 
As shown in equation (9.2)，transitional growth rate is dependent upon productivity level in 
transitional state, which is in return influenced by the exogeneously determined productivity growth, 
initial productivity level and openness. It is hypothesized that openness can amplify the effect of 
initial human capital on per-capita income growth. By the same token, the effect of openness on 
per-capita income growth is largely dependent on initial human capital stock. Thus including initial 
human capital level into the regression equation can provide a more thorough accounting for the 
deviation of per-capita income among provinces in China. In Chapter 8，the interaction between 
openness and initial human capital stock can be indirectly evidenced by the difference of the 
contribution of initial human capital level to per-capita income growth between coastal and non_ 
coastal provinces. It is found that the stimulating effect of initial human capital stock on per-capita 
income growth is limited to coastal provinces having high level of openness. It sounds good to 
directly measure the effect of the interplay between initial human capital stock and openness by 
adding a interaction terms ^Education) xki(M)J,) and \n{Education) into the 
n/: 
regression equation. The variable Education^ is the education attainment index calculated in 
Chapter 8. 
Table 9.2 
Dependent variable: difference of log of real GDP per worker  
GLS Random GLS Random GLS Random GLS Random 
3 J 1 2 4 J 1 2 M 5 J O M 
Constant 0.396460 0.925839 0.273690 0.796438 0.30006 0.798295 0.234860 0 735844 
(2.700广 * (4.063)*" (2.067广(4.2044)*" (2.157 广 （3.806广 * (1.821)* (4.1239)… 
In(sk) 0.023358 0.034252 0.016919 0.033729 0.008072 0.028777 0.008428 0 030276 
(1.636) (1.765)* (1.212) (1.7758)* (0.5422) (1.487) (0.5779) (1.6207) 
ln(sh II) 0.018060 0.056002 0.015200 0.055984 0.013990 0.053637 0.012066 0 05483 
(1.538) (3.554广 * (1.307) (3.6373广 * (1.212) (3.475 广 * (1.062) (3.6465)*** 
ln(n+q+5) 028788 -0.032685 -0.028784 -0.032884 -0.029611 -0.033418 -0.029265 -0 033444 
丨 ” y ‘ (-4.321)-* (-3.834 广 * (-4.305广 * (-3.9482)"* (-4.550)"* (-3.972)*" (•4.494广 * 
ln(Vit i) -0.027937 -0.063538 -0.020534 -0.064967 -0.024796 -0.062471 -0.021953 -0 064668 
仇 口 （-2.147 广（-3.608广 * (-1.732)* (-3.8103)*** (-1.873)* (-3.574 广 * (-1.780)* (-3.8211)"* 
In(Education) -0.019921 -0.046792 
, H.017) (-1.3451) (-0.8814) (-0.841) 
| p / p n | \ 0.013230 0.020843 
、 ‘ (3.631)"* (2.508广 
In(ExpOrt) 0.017938 0.024048 
(2.690)… (1.826)* 
In(Education) xln(FDI) 0007109 0011273 
‘ * ‘ (3.122)*** (2.1859)" 
In(Education) xln(Export) 0.009374 0.012161 
(2.431)" (1.6005) 
•''t.lt-l ) -0.1004 - -0.0968 - -0 0924 - •0 0913 
LM test of heteroskedasticity 270.26 - 269.35 _ 269 68 - 269 8 9 
number of observations 4 4 8 4 4 8 4 4 8 4 4 8 4 4 8 4 4 8 4 4 8 4 4 8 
BuseR-Square 0.0724 0.0644 0.0634 0.0633 0.0596 0.0603 0 0564 0 0608 
Buse Raw-moment R-square 0.5059 0.1819 0.5027 0.1707 0.5094 0.1702 0.5085 0:1609 
Adding the interaction terms ln(Education,) xln(FDI,) and ln(Echca"cm,) x ln(Export,) 
improves goodness of fit of the regressions and raises the significance level of the coefficient of 
ln(>v_i). It is worth noting that the estimated coefficient o f l n ( E d _ _ is insignificantly negative, 
implying that the contribution of human capital is negligible when degree of openness is controlled 
< 
for. Nevertheless the coefficients of the interaction terms are significantly positive, implying a 
complementarity between openness and initial human capital. That is, high per-capita income 
nn 
growth is associated with the coincidence of high level of human capital stock and high degree of 
openness. The stimulating effect of initial human capital on growth being restricted to coastal 
provinces is due to the fact that coastal provinces generally have higher level of openness to foreign 
countries. 
Reform 
As for the contribution of reform to productivity and its effect on the divergence of per-
capita income growth, I would put the focus on market liberalization policies. It is because market 
reform and price liberalization is one of the most important aspects of reform. The effectiveness of 
market liberalization can be evidenced by the success of the non-state sector. Since the onset of 
open and reform policies, the fast-growing non-state sector has been prospering and become an 
engine of growth of China economy. In general, private firms pursuing profit should be superior to 
sate-owned enterprises in term of efficiency. In this sense, the provinces with higher presence of 
free market should have higher level of productivity and thus achieve faster growth in the reform 
period. In order to quantify the contribution of non-state sector to overall economic growth and 
estimate the effectiveness of market reform, an institution parameter G is added into the 
productivity growth function 
At = Aoe'' G^ (9 4) 
The above equation is simply equivalent to equation (9.1) with F replaced by G. The parameter G is 
the share of non-state sector in an economy and it is a measure of the depth of market reform. It is 
assumed that in central planned economy, higher share of non-state sector implies a more efficient 
institutional structure and hence a higher level of productivity. Based on the above technology 
progress function, the transitional growth equation can be rewritten as 
In 少 � -I n ) = (1 - In & + (1 - 它 • s � 
\ - a - p \ - a - p 
—(1 — + g + d ) - { \ - y ( t , ) 
1 - a - p 
+ ( l -e .义） \nAo+g{ t2 - e-%) + (1-f义）小 In G (9 .5) 
The empirical setup for panel data model is given by the following equation: 
git = n InW + n ln(s/i,t) + ,3 + g+S) + r4 ln(y,,t.i) + n ln(G,) + ju, + 77, + Su 
/•= 1 , 2 , ...,28 丄二 1,2’...，16 
(9.6) 
The coefficient 75 = (l-e" '^)(t). In this study, the institutional parameter G is approximated by 
three measures: (1) share of industrial product produced by non-state sector {Market I), ； (2) share 
of retail sales of consumer products by non-state sector {Market II), ； and (3) share of spending of 
provincial government in GDP (GIGDP)i\ According to official classification, non-state sector 
does not exactly means private sector. Broadly speaking, it encompasses all firms that are not 
owned by the state, including collectively owned enterprises and TVEs (township and village 
enterprises). In general, higher presence of non-state sector in an economy implies higher 
productivity level. For that reason, ,5 is expected to be positive if denotes share of non-state 
sector. On contrary, if F) denotes share of government spending in GDP, ys is expected to be 
negative. Because large amount of government spending tends to entail distortion that is 
detrimental to economic efficiency and economic growth. Expenditures on education, scientific 
research，public health and infrastructure are excluded from (GIGDP\ as these components of 
4 
government spending can improve productivity. 
‘Excejrt b u d g e t ^ spading provincial governments also have extra-budgetary expenditures, of which the amount is comparable to the budgetary 
expenditure. Without the data of extra-budgetary expenditure，the government expenditure in this study only consists of budgetary expenditure.“ 
nn 
Table 9.3 
GLS Random GLS Random GLS Random 
Unrestricted 
U- 1 1 8J. M M M 
Constant 0.696740 1.017474 0.37465 0.867572 0.408510 0 685072 
(4.274 广 * (4.977)"* (2.726)*** (4.606)"* (3.135 广 * (4.044)*** 
In(sk) 0.034462 0.037078 0.037876 0.042753 0.037561 0 038831 
(2.464广 （1.923广 （2.531 广 （2.224广 (2.587)"* (2.0282广 
ln(sh II) 0.046275 0.074337 0.024587 0.064994 0.036391 0 071148 
(3.421 广 * (4.414)*** (2.013)" (4.070)*" (2.836)*" (4.319广 * 
l n ( n + g + 5 ) -0.029409 -0.033953 -0.027422 -0.032092 -0.028513 -0033612 
(-4.369)… （-4.008)… (-4.228)*" (-3.858广 * (•4.381 广 * (4030)*** 
ln(yit.i) -0.056208 -0.083951 -0.021778 -0.063674 -0.052429 -0 082192 
气 y 慕’"多 （-3.916 广 * (-4.547)*** (-1.883)* ( - 3 . 8 4 9 )… （-3.631 广 * (： 4 4 7 8 ) * " 
In/Market l\ 0.069229 0.089955 
l) (5.568)*" (3.762)*" 
ln(Market II) 015268 0.223650 
(4.073广 * (3.192)*" 
ln(G/GDP) -0.060579 -0.084102 
K876)… （-3.253广 
Derived X omim o.omss 0.022019 omm o.o53853 o.o85767 
•^ itit-1 "0.1033 - -0.1227 - .0 0910 
LM test of heteroskedasticity 275.64 - 279.9232 . 276 47 
number of observations 448 448 448 AAQ AAQ AAQ 
BuseR-square 0.1071 0.0799 0.0774 0.07183 oo944 00752 
Buse Raw-moment R-square 0.4960 0.1916 0.4996 0.1845 0.4953 0^ 1759 
Restricted 
lA M M M ^ 
Constant 0.567277 0.202860 0.452250 0.187480 0 341840 
(3.666)*** (3.974)*** (2.317)" (3.489)*" (2.182)" 
In(Sk) - ln(n+g+S) °;?!?/严 "0.004460 0.017714 0.001077 0.014811 -0 003656 
(1.014) (-0.322) (1.744)* (0.080) (1.413) (-0.268) 
l n ( s h n 卜 l n ( n + g + S ) 巧* � ‘ � 鄉 4 2 0 . 0 1 3 7 0 2 0 . 0 3 9 1 2 7 o . o i 8 i 7 8 0 0 4 5 5 7 3 
(2.298) (3.271)*" (1.375) (2.869)*** (1.763)* (3.254广* 
ln(y …） -0 0^58 -0.011^ -0.036240 -0.030046 -0.050572 
(-3.019) ( - 3 . 3 7 9广 * (-1.238) (-2.591)*** ( - 2 . 7 8 7广 * ( - 3 . 3 4 9 ) * " 
ln(Market I) o 0.065435 
‘ (4.817)*" (2.863广 * 
ln(Market II) 0.111420 0.145116 
(3.791 广 * (2.197)*** 
ln(G/GDP) -0.039582 -0.059050 
(-4.133)… （-2.253广 
！，！丨e， • 细 遍 0.051986 0.011979 0.036913 0.030506 0.0M896 
二？ 0 . 1 5 _ - 0.408873 0.014089 0.234968 —• 
X i L G.迎77 - 0.316268 0.511839 0.288384 _ 
wald test (p-value) 7.304E-11 - 6.636E-11 - 9 26E-11 
B u s e R - s q u a r e 0.O897 0.0621 o.o698 0 0 5 5 3 0 0 7 ^ o o 5 8 9 
Buse Raw-moment R-sauar. 0 . 1 7 3 4 0 . 5 0 6 7 0 . 1 6 9 6 g ^ i i ^ 二 
O A 
The results of the unrestricted regression are consistent with the growth equation (9.5). The 
estimated coefficients of \n{Industry) and \n{Retail) are positive and highly significant. Whereas, 
the estimated coefficient of \n{G/GDP) is significantly negative. Moreover, the signs of other 
estimated coefficients are correctly predicted by the theoretical hypothesis. Once again, the validity 
of the linear restriction on the regression equation is rejected, implying that even the extended 
version of neoclassical growth model with the inclusion of openness and institutional structure 
cannot perfectly explain the inter-provincial difference of per-capita income growth in China. 
When compare with the results shown in Table (9.1), it is found that the derived rate of 
convergence is higher. It seems that inter-provincial difference in the profundity of reform plays a 
more important role in rendering the unbalanced regional development. 
The above empirical results can provide a plausible explanation for the rise of newly 
industrialized areas and the fall of former industrial centers. Throughout the reform period, the so-
called newly industrialized areas like Fujian and Guangdong have been consistently outperformed 
other regions including the traditional industrial cores like Liaoning and Shanghai. Because the 
rigidly restricted institution and high proportion of state sector in these regions result in stagnant 
productivity progress and economic growth. In contrast, the newly industrialized that developed 
from low industrial base generally have relatively low proportion of public sector in their 
economies. Moreover, looser controls and regulations also provide opportunities for the vital non-
state sector to grow. 
It is evidenced that initial human capital level and degree of openness are complementary to 
each other in the growth process of China. Likewise, there may also exist complementarity between 
institutional structure and human capital stock. The rationale behind this argument is that a proper 
institutional structure with minimum governmental intervention assures efficient allocation of 
human capital and other resources. Thereafter I will test the effect of institution on growth in 
combination of initial human capital stock. If differentiation of degree of openness is also taken 
o 1 
into account, a more comprehensive empirical model can be reached, and we can examine the 
separate and joint effects of initial human capital, openness and institution on growth. 
Table 9.4 
GLS Random GLS Random GLS Random 
m m i n j n TTT j n 
Constant 0.375210 0.832941 0.436290 0.919149 0.305820 0.860965 
(2.734)*" (4.318)*" (2.966)*" (4.074〉… （2.299广 （4.451 广* 
in(sM 0.041944 0.044641 0.039213 0.043501 0.022733 0.037538 
* ‘ (2.728〉… (2.271)" ( 2 . 5 2 6广 （2.196 广 (1.572) (1.959)* 
In/sh m 0.023515 0.064547 0.024767 0.064765 0.021762 0.063539 
^ ‘ (1.926)* (3.985)*** (2.022)** (3.975)"* (1.786)* (3.967)… 
Infn+a+S) "0.027399 -0.032243 -0.027763 -0.032411 -0.027849 -0.032484 
^ y ‘ (-4.227)*** (-3.807)… （-4.219)*** (-3.800广 * (-4.258)"* (-3.876)… 
InfVit i i -0.026446 -0.066762 -0.028845 -0.067932 -0.017714 -0.063361 
(-2.090)" (-3.820)*" (-2.246广 (-3.837)*" (-1.497) (-3.718)… 
Inf Education、 0.022226 0.039437 0.029738 0.001130 
in(EdUCatlon) (1.035) (0.820) (0.0106) (0.017) 
In/MarkPt Ih 0.153330 0.235693 0.116590 0.194368 叫"^ arKet"} (4.111)- (3.277广 * (2.411 广 （2.264 广 
IN(FDI) 0.005635 0.008135 
(1.218) (0.828) 
In(Education) xln(Market II) 0.042560 0.073887 
(1.955)* (2.033广 
In(Education) xln(FDI) 0.004778 0.008395 
(1.936广 (1.605) 
) 
矿 iUt-1 -0.1198 - -0.1190 - -0.1186 . 
LM test of heteroskedasticity 279.33 - 277.89 - 277 47 . 
number of observations 448 448 448 448 448 443 
Buse R-square 0.0802 0.0726 0.0837 0.0735 0 0684 0 0700 
Buse Raw-moment R-square 0.4993 0.1894 0.5015 0.1949 0.496I 0:1821 
From the results of regression (10.1)-(10.2), we can see that the coefficient onn{Market II) 
is significantly positive, whereas the coefficients of \n{Ediwation) is statistical insignificant. From 
regression (11.1)-(11.2), it is found that the coefficient of \n{Market II) is significantly 
positive,while the coefficient of l n ( _ is insignificant. Then we add the interaction terms 
\n_cat一 X \n{Market II) and \n(Education) x \n{FDI) into the regression equation. The results 
0’ 
of regression (12.1) and (12.2) show that these two interaction terms are statistically significant. 
Higher per-capita income growth is associated with the coincidence of high initial human capital 
level and high level of openness (market liberalization). This can be viewed as evidence supporting 
the argument that both institution and openness are complementary to human capital. Whether 
human capital stock is conducive to economic growth hinges upon the institutional structure and 
openness of the economy. 
In this chapter, I have examined the effect of open and reform policies on per-capita income 
growth. It is found that FDI and exports are contributive to per-capita income growth. The 
difference in level of openness should be one of the major reasons for the divergence of per-capita 
income growth across provinces in China. With respect to reform, the scope of study is put on 
market liberalization and government intervention. It is found that higher percentage of non-state 
sector in economy is associated with higher per-capita income growth. Whereas per-capita income 




Chapter 10 Conclusion 
Summary of Main Findings 
This paper is purposed to explore the phenomenon of inter-provincial inequality in per-capita 
income, and examine the extent to which the inter-provincial deviation of per-capita income growth 
can be explained by neoclassical growth model. From various measures of regional inequality, it is 
found that regional of per-capita income decrease in the 80s and have been increasing since the 90s. 
The regression result of the growth-initial level equation also implies no tendency of absolute 
convergence. That is, the poor provinces did not grow faster than the rich provinces during the 
post-1978 period. Based on labor-augmented Solow model and the pooled cross-section and time 
series data at the provincial level during the post-1978 period, we conduct an empirical study to 
explore the causes for the divergence of per-capita income across China provinces. 
There is strong evidence supporting the presence of conditional convergence. It is shown 
that convergence is conditional on investment in physical and human capital, labor growth, 
openness and institutional structure. As predicted by the model, the regional economies with higher 
rate of investment in physical and human capital, lower growth rate of labor, higher level of initial 
r 
human capital stock, generally have higher level of steady state per-capita income level and hence 
higher transitional growth rate. Given all the aforementioned factors indifferent, coastal provinces 
tend to have higher per-capita income growth during the period. In particular, the provinces in 
southeastern region experienced the highest growth, followed by northeastern region; and Western 
region grew most slowly. This may attributes to the fact that coastal provinces generally have 
higher initial human capital stock, higher level of openness and more reasonable institution. 
Furthermore, it is found that higher level of per-capita income growth is associated with higher 
share of FDI and export in GDP, higher presence of non-state sector in economy and lower share of 
government expenditures in GDP. The complementarity between human capital stock and level of 
openness (market liberalization) is also evidenced by the empirical results. 
The evidence of conditional convergence is still consistent with the fact of increasing regional 
inequality. Conditional convergence means that dispersion of per-capita income among provinces 
would decrease given that all provinces have identical steady state. The widening gap between less 
developed provinces and developed provinces may be a reflection of increasing variation of steady 
state among provinces, which is caused by difference in investment rate, labor growth, level of 
openness and institution. In that sense, the divergence of per-capita income may be attributed to 
historical factors and the unequal policies with regard to different regions. For instance, coastal 
provinces are granted special privileges in attracting foreign investments and thus they generally 
have higher steady state level of per-capita income and faster transitional growth. However giving 
preference to some regions is equivalent to discriminating against others. To reverse the trend of 
increasing regional inequality, these privileges should be abolished. 
Suggestion on Further Study 
Though the M-R-W framework of neoclassical model can explain large proportion of the 
variation of per-capita income growth across China provinces. It still leaves some issues untouched 
and there is much more space to be explored. For instance, the homogeneous technological progress 
assumption may be questionable in view of the low level of economics integration of different 
regions in China. There are substantial studies about productivity convergence across countries, but 
only few are related to China. With panel data of China's provinces, empirical studies b p" o\ince 
extended M-R-W framework that accounts for productivity convergence can be conducted. 
References 
Alvarez Albelo, Carmen D. (1999)，"Complementarity between Physical and Human Capital, and 
Speed of Convergence", Economics Letter 64, 357-61 ， 
Balassa Bela (1978), “Export and Economic Growth: Further Evidence'', Journal of Development 
Economics, June, 181-189 
(1983)，“Export, Policy Choices and Economic Growth in Developing Countries after the 
1973 Oil Shock\ Journal of Development Economics 18，1985 
Barro, R. J. (1990), ''Government Spending in a Simple Model of Endogenous Growth”’ Journal of 
Political Economy 98，103-25 ’ 
(1991)，“Economic Growth in Cross Section of Countries', Quarterly Journal of Economics 
106, 407-43 
(1994)，“Democracy； and Growth”, NBER Working Paper 4909 
Barro，R. J. and J.-W. Lee(1993), “International Comparisons of Education Attainmenf\ Journal of 
Monetary Economics 32, 363-94 
Barro，R. J. and X. Sala-i-Martin (1990), ‘‘Convergence”, Journal of Political Economy 100’ 223-52 
(1995), “Technological Diffusion, Convergence and Growth”，NBER Working Paper No. 
(1995), “Economic Growth”’ New York: McGraw-Hill, 1995 
Baumol，W. (1986), ''Productivity Growth, Convergence and Welfare: What the Long-run Data 
Show?'\ American Economic Review 76 1072-85 
Baumol, William, J., Richard R. Nelson. Edward N. Wolff, “Convergence of Productivity'', New 
York: Oxford University Press, 1994 ， 
Blomstorm Magnus (1986)，“Foreign Investment and Productivity Efficiency: the Case of Mexico", 
The Journal of Industrial Economics, Volume 35, September 1986 ’ 
Buse A. (1973)，“Goodness of Fit in Generalized Least Squares Estimation” The American 
Statistician，June 1973, Vol. 27, No. 3 ’ 
Cotsomitis J. A. and Kwan C. C. (1991), “Economic Growth and the Export Sector: China 1952-
！辦’’ International Economic Journal, Volume 5, Number 1’ Spring 1991 
Chen Jian (1996), ''Regional Income Inequality and Economic Growth in China”, Journal of 
‘ Comparative Economics 22, 141-164 ’ 
Cheng Hsiao, “Analysis of Panel Data” ’ Cambridge University Press 1986 
Dan Ben-David (1993), “Equalizing Exchange: Trade Liberalization and Income Convergence'', 
Quarterly Journal of Economics 108(3), pp. 653-79 ， 
Dan Ben-David and Loewy Michael B. (1997)，“Free Trade, Growth and Convergence”, NBER 
Working Paper 6095 
Dowrick，Steve and Duc-Tho Nguyen (1989)，“OECD Comparative Economic Growth 1950-1985: 
Catch-up and Convergence'', American Economic Review, 79(5), pp. 1010-30 
Borensztein Eduardo, Gregorio Jose De and Lee Jong-Wha (1995), ‘‘How Does Foreign Direct 
Investment Affect Economic GrowthT\ NBER Working Paper, No. 5057 
George G. Judge, R. Carter Hill, William E. Griffiths, Helmut Lutkepohl and Tsoung-Chao Lee, 
“Introduction to the Theory and Practice of Econometric^', John Wiley & Sons, Inc. ’ 
Haddad. M and Harrison. A (1993), ''Are There Positive Spillovers from Foreign Direct 
Investment? Evidence from Panel Data for Morocco”, Journal of Development Economics 
42, p51-74 
Hong Li, Zinan Liu and Ivonia Rebelo (1998), ''Testing the Neoclassical Theory of Economic 
Growth: Evidence from Chinese Provinces'", Economics of Planning 31, 117-132 
Jan Kmenta, “Element of Econometrics”, Macmillian Publishing Co., Inc. 1971 
Kim Sukkoo (1997), “Economic Integration and Convergence: US Regions, 1840-198T\ NBER 
Working Paper 6335 
Kormendi, R. C. and R.G. Meguire, ''Macroecommic Determinants of Growth: Cross-country 
Evidence”’ Journal of Monetary Economics 16, 141-63 
Lee Jong-Wah (1994), “Capital Goods Imports and Long-run Economic Growth”, NBER Working 
^ Paper, No. 4725 
Lucas，R. E. (1988)，“On the Mechanics of Economic Development”, Journal of Monetary 
Economics 22, 3-42 
Luis A. Rivera-Batiz and Paul M. Romer (1991), “Economic Integration and Endogenous Growth”, 
Quarter Journal of Economics, May 1991 ， 
Maddala G. S. and Mount T. D. (1973), “A Comparative Study of Alternative Estimators for 
Variance Components Model Used in Econometrics Application”，Journal of the American 
Statistical Association, June 1973，Vol. 68 
Mankiw N. Gregory, Romer D. and Weil, D. N. (1992)，"A Contribution to the Empirics of 
Economic Grow//?",'The Quarterly, Journal of Economics, May 1992 
Nazml Islam (1995)，^Growth Empirics: A Panel Data Approach”，The Quarterly Journal of 
Economics, November 1995 
Rebelo，S. (1991)，''Long-nm Policy Analysis and long-run Growth”, Journal of Political Economy 
99，500-21 
I 
Rodrik Dani, “Getting Interventions Right: How South Korea and Taiwan Grew Rich?”, NBER 
Working Paper, No. 4964 
Romer, P. (1986), ''Increasing Returns and Long-nm Growth", Journal of Political Economy 94, 
October 1986’ pp 1002-37 ， 
(1989), “Capital Accumulation in the Theory of Long-run Growth", Modern Business Cycle 
Theory, Cambridge Mass, Harvard University Press, 1989 
(1990)，“Endogenous Technology Change”’ Journal of Political Economy 98, October 1990 
pp71-102 ’ 
(1993), "Idea Gaps and Object Gaps in Economic Development", Journal of Monetary 
economics, 32，December 1993，543-73 
Sachs, Jeffrey and Andrew Warner (1995), ''Economic Reform and the Process of Global 
Integration”, Brookings Papers on Economic Activity, 1995, no. 1，1-18 
Shang-Jin Wei (1995)，“The Open Policy and China's Rapid Growth: Evidence from City-Level 
Data", Growth Theory in Light of the East Asian Experience, The University of Chicago 
Press 1995 
Slaughter M. J. (1997；, "Per-capita Income Convergence and the Role of International Trade” 
NBER Working Paper 5897 ’ 
(1998), “International Trade and Per-capita Income Convergence: A Difference-in-
differences Analysis"', NBER Working Paper 6557 
Solow, R. M.. (1956), “A Contribution to the Theory of Economic Growth”，Quarterly journal of 
�E c o n o m i c s 70，February 1956, 65-94 
Swan，T. W. (1956)，“Economic Growth and Capital Accumulation”, Economic Record Vol 32 
pp. 334-61 ， • ， 
Taylor, A. M. (1995), “Growth and Convergence in the Asia-Pacific Region: on the Role of 
Openness, Trade and Migration”’ NBER Working Paper 5276 
Tianlun Jian, Jeffrey D. Sachs and Andrew M. Warner, “Trend in Regional Inequality in Chmd\ 










圓丨隱1 saj^jejqj^i >tHnD 
